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Abstract 
Abstract 
The [2+2] cycIoaddition of olefins with keteniminium salts constitutes a 
powerful tool for the synthesis of cycIobutanones and related derivatives. Integration 
of the reaction on solid phase could provide great advantages such as the possibility of 
regenerating the support, simplified reaction procedures or automation. 
j( 
x ~ C, n ~ 1,42% 
The intermolecular cycIoaddition reaction provided bicycIo[3.2.0]heptane-6-one 
in up to 42% yield. Regeneration of the solid support for a second cycIoaddition was 
proved. 
Cytochalasans are important metaholites. Birch reduction-alkylation of 
enantiopure 3-substituted isoindolinones could provide access to a novel route 
towards these biologically active substrates. 
/x~o reduction I NR' • 
~ . 
R' /X 
-
19%,42% e.e. 
Cytochalasin D 
Novel isoindolinone compounds were obtained and some lead to the formation 
of non-racemic reduced substrates (up to 42% e.e.). 
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CHAPTER 1: 
INTRODUCTION 
Introduction 
1.1 CYCLOADDITION ON SOLID SUPPORT 
More than three decades ago, Merrifield I introduced the concept of solid-phase 
peptide synthesis. Since then, solid phase organic synthesis (SPOS) has become an 
important tool for the rapid preparation of compound libraries? The wide occurrence 
of heterocycles in biologically active compounds makes them attractive targets for 
library generation. The syntheses of heterocyclic compounds via cycloaddition 
reactions on solid phase are of especially high potential. 
1.1.1 [2+2] Cycloaddition on solid support 
1.1.1.1 fJ-lactams and fJ-sultams 
Thanks to the importance of ~-lactam antibiotics, a number of SPOS approaches 
to this class of compounds have been reported. In particular, [2+2] cycloaddition of 
ketenes with resin-bound imines have attracted the attention of many laboratories. 
The Staudinger reaction3 has been adapted for solid phase exploitation. Ruhland 
et at have reported the synthesis of ~-lactam (3) starting from resin-bound amine (1) 
(Scheme 1). 
(I) 
(2) 
I. 30% piperidine 
• 
2. R2CHO 
(MeOhCH/DCM (1: I) 
3%TFA 
• 
DCM 
DCM 
(3a) (3b) 
Scheme 1: Application ofthe Staudinger reaction on solid support. 
After deprotection of resin (1), the resulting amine was condensed with an 
aldehyde to afford an imine, which reacts with a ketene, formed in situ from an acid 
-2-
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chloride, to produce resin-bound ~-lactam (2). Cleavage provided 2-azetidinone 
derivative (3) formed in diastereomeric ratios ranging from 1: 1 to 3: 1 in favour of the 
eis-substituted lactam. 
Singh et at have described the preparation of several other ~-lactams (Scheme 
2) and Delpicollo et at' have reported the asymmetric solid phase synthesis of 3,4-
sustituted ~-lactams via the same procedure (Scheme 3). 
~ 0 
HN 
'I \( 
0 
HO 
0 
I. R1NH2 
4A sieves, DCM AeO 
or (CH30h 
H 2. AeOCH2COCI 0 N 
Et3N, DCM, rt 1<' 
0 
~ iPr2NEt 
:/' N p-nitrophenyl 
H ~ chloroformate 
• 
DCM,rt 
• 
2.3% TFA, DCM 
0 
:/' 
~ 
ArO 
>ro 
0 
0 
N-O 
H K2C03 
• 
CH30H, DCM, rt 
N 
\ , 
R 
o 
:/' 
~ 
N---O 
H 
0 
N-O 
H 
Scheme 2: Synthesis of other j3-lactams on solid support. 
The use of oxazolidinone moiety (4) has allowed the isolation of compounds 
with high diastereoselectivity (>25: 1). 
- 3 -
• 
1% v/v CH3COOH 
inDMF 
erCt~ 
----" 1 I. 10 %TFA,DCM 
O~)--Rl-------------.. 
N 
~oy 
o 
Introduction 
o 0 O~J-CI 
~N (4) 
Ph 
Scheme 3: Asymmetric synthesis of ~-lactams on solid support. 
The use of a chiral aldehyde provided6 access to compounds with functionalities 
at C( 4) (Scheme 4). Diastereoselectivity was found to range from poor (2: 1) to 
extremely high (>25: 1). 
• 
molecular sieves 
4A, DCM 
reflux 
* R2 Rl 
O)=( __ C02Me 
Scheme 4: Use of a chiral aldehyde in the solid phase asymmetric synthesis of~­
lactams. 
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The Suzuki and Heck cross-coupling reactions have been successfully applied 
for the preparation of biaryl- and styryl-substituted ~-lactams7 (Scheme 5). A 1:1 
mixture of diastereomers (5) was isolated. 
I. Piperidine, DMF 
2. 4-X-ArCHO, DCM 
3. Phenoxy ketene, DCM 
PhO I. RB(OH)z or RI or olefin, 
DMF, Pd (cat.) 
• 
2. TFA, DCM o 
(Sa) 
x 
X~I, Br or B(OH) 
+ 
(5b) 
Scheme 5: Suzuki and Heck cross-coupling reactions for solid phase synthesis of 
~-lactams. 
The synthesis of 3,4-dihydro-2(lH)-quinolinones has been accomplished 
through the rearrangement of ~-lactam intermediates (6),8. which were constructed 
through [2+2] cycloaddition between ketenes and imines (Scheme 6). 
A benzyloxyaniline linker (7) that uses ceric ammonium nitrate (CAN) as a 
cleavage reagent has also been applied for the synthesis of N-unsubstituted ~-Iactams 
(Scheme 7).8b 
- 5 -
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o 
I. HOJlR1-NHBOC 
DIC, HOST 
2.55% TFA 
3. DIEA 
• 
o 
~ )l1,NH2 N R 
~ 
o 
• 
OHCD I -R2 
./-
02N 
• 
SnCI2 
• 
DCM, -78°C to 11. 
)l .N Q-N R1 o DMF,11 
\ 
H (6) 
HF 
Anisole 
Scheme 6: Rearrangement of j3-lactams on solid support. 
I. R1CHO 1 r ,H 
~NH2 4A sieves, DCM, 11 R Y-{.. .  , :/" I N OPh ~O 0. 2. EI3N, phenoxyacetyl chlorict'; ry 0 
DCM, O°C 10 11 ~O~ 
(7) 
CAN 
MeCN/H20 (2:1) 
O°C 10 11 
!;i H 
R
1
HoPh 
HN~_ 
o 
Scheme 7: Synthesis of N-unsubstituted /3-lactams on solid support. 
[2+2] Cycloaddition between isocyanates9 and oletins has offered an alternative 
route to the [2+2] cycloaddition of ketenes to imines. Cyc1oaddition between 
chlorosulphonyl isocyanate (CSI) and polymer-bound vinyl ether (8), followed by 
intramolecular alkylation of the p-lactam nitrogen atom, has given a mixture of the 
-6-
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corresponding diastereomeric cIavams (lOa) and (lOb) in a ratio of 3:1, accompanied 
by the oxirane (9) (Scheme 8). 
H ~OC6H402S0~O~H 
--A.)~~ BEMPorDBU 
R rN~ 0i--C-H-J-CN---I·~ 
H H 
1. CSI, N.2COJ, 
DCM/toluene 
• 
2. Red-AI 
+ 
Rfr~: 
(\Oa) O~ 
Scheme 8: Alternative [2+2] cycloaddition on solid support. 
Oxacephans (12a) and (12b) (1.1:1.0) and oxetane (11) were isolated following 
the same procedure (Scheme 9). 
A convenient approach towards four-membered rings contammg two 
heteroatoms was described by Gordeev et aZIO in the solid-phase synthesis of ~­
sultams (16). Imine intermediates (13), generated from polymer-immobilised amino 
acids and aldehydes, were reacted with (chlorosulphonyl)acetates (14) in the presence 
of pyridine to afford the solid-phase tethered ~-lactam products (15) (Scheme 10). 
- 7 -
+ 
(12a) 
+ 
(12b) 
Scheme 9: Isolation of oxacephans derivatives. 
I. Piperidine, DMF 
L = acid or photo labile linker 
(15) 
TFA, DCM 
or 
hv 365 nm 
.. 
(13) 
Scheme 10: Synthesis of ~-sultams on solid support. 
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1.1.1.2 Other 4 membered ring products 
Resin-bound alkene!! (17) has been reacted with an excess of a keteniminium 
salt (18) to form resin-bound iminium salt (19) (Scheme 11). (19) Was then 
transformed into different classes of compounds including y-1actones, y-Iactams and 
cyclobutane derivatives (Scheme 12). 
DeM, reflux 
(17) 
Scheme 11: Synthesis of a resin-bound iminium salt on solid support. 
-----
___ (19) 
/ 
/ 
--
\ 
\ 
Scheme 12: Transformation of (19) into different classes of compounds. 
-9-
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1.1.2 [3+2] Cycloaddition on solid support 
1,3-Dipoles are so called because it is not possible to write valence bond 
structures for them without including formal positive and negative charges. 
Many, but not all, 1,3-dipoles will participate in cycioaddition reactions with 
partners that have double or triple bonds (so-called dipolarophiles). These reactions 
represent important methods for the synthesis of a wide variety of five membered 
heterocycles (Fig 1).12 
1.1.2.1 
/Y"" 
X Z 
--- \ / A-B 
Fig 1: Generall,3-dipolar cycIoaddition. 
Synthesis of isoxazoles, isoxazolines, oxazolines, and related 
compounds 
Isoxazole13 moieties represent a class of unique pharmacophores that are a 
constituent unit of diverse therapeutic agents. 14 Therefore, they are interesting targets 
in the development of new drug leads in solid-phase combinatorial chemistry. 
Cereda et aiD. have described the synthesis of a small library of 3-
hydroxymethyl-4,5-disubstituted isoxazoles through [3+2] cycloaddition of a resin-
bound nitrile oxide to an alkyne (Scheme 13). Anchoring of a nitrile oxide precursor 
onto the solid-phase and subsequent cycloaddition with alkynes has also been 
reported.13b 
- 10-
~COOH 
DCC, HOBT, DMF 
rt 
PhNCO, TEA, DMF 
50°C 
20% TFA 
.. 
DCM 
Introduction 
p-TsOH 
DCM,rt 
Scheme 13: CycJoaddition of a resin-bound nitrile oxide with alkynes. 
Barrett et alll have presented a regioselective 1,3-dipolar cycloaddition reaction 
of ethyl cyanoformate N-oxide to resin-bound vinyl ethers (20) for the synthesis of 
isoxazolines (21) and their subsequent transformation to isoxazoles (22) by 
elimination and release from the support (Scheme 14). 
Ethyl cyanoformate N-oxide 
• 
(20) 
5%TFA 
Scheme 14: Regioselective 1,3-dipolar cycJoaddition. 
Isoxazolines are versatile intermediates for the construction of a wide variety of 
complex natural products. I ,3-Dipolar cycloaddition of a nitrile oxide to alkenesll•16 is 
a useful procedure for their synthesis. For instance, a resin-bound aldoxime was 
- 11 -
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converted to the nitrile oxide, via reaction with commercially available bleach, which 
reacted with different alkenes. Upon cleavage, isoxazolines (23) were produced 
(Scheme 15).16 
Scheme 15: Synthesis of isoxazolines by reaction of a nitrile oxide to an alkene. 
Several papers by Park et al have reportedl7 the synthesis of isoxazolines-
containing heterocycles and hydantoins by 1,3-dipolar cycloaddition and carbanilide 
cyclisation transformation. Novel spirocyclic species have been isolated (Fig 2). 
o 
Fig 2: Isoxazolines-containing heterocycIes and hydantoins prepared by 1,3-
dipolar cycIoaddition and carbanilide cyclisation. 
- 12 -
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A traceless solid phase synthesis strategy for the synthesis of novel 
isoxalinoisoquinoline heterocycles has been developed. 18 Incorporation of a polymer-
bound Suzuki reaction has further enhanced compound diversity (Scheme 16).18b 
Br Br 
TMSCN,DCM 
~ rfJ 
N~ 
• 
'-':: rf 
N~ 
Ne 0 
CN 0 
'-':: P~LDA' allyl bromide 
N ::-- • 
THF, -78°C 
CN 0 
1. Nitropropane, dry benzene 
2. KOH, THF 
Scheme 16: Synthesis of novel isoxalinoisoqninoline heterocycles. 
Polymer supported nitrones have been used for the synthesis of isoxazoline 
derivatives (24) as described by Kobayashi et al. 19 The cycloaddition reaction was 
carried out in the presence of a catalytic amount of lanthanide triflate at room 
temperature avoiding traces of polymer-supports after cleavage (Scheme 17). 
- 13-
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O~ 0- R2 R4 
/ ~~+y:--R' !=< 
I R3 EWG ~ R -------------. 
Yb(OTt)3 (20 mol%) 
Toluene, rt 
DDQ 
Scheme 17: Cycloaddition of polymer-bound nitrones to alkenes. 
Asymmetric synthesis of isoxazolines on solid support has been studied by Zou 
et apo who described an enantioselective 1,3-dipolar cycloaddition using (-)-
diisopropyl tatrate «-)-DIPT) as auxiliary and a Grignard reagent as base (Scheme 
18). The isoxazoline derivatives were isolated with good to high e.e. (up to 95%). The 
bimetallic chelation transition state arising from the co-ordination of 1 ,3-diplole resin-
bound aromatic nitrile oxide, dipolarophiles allylic alcohol, and (-)-DIPT on 
magnesium ions should be responsible for the enantioselective cycloaddition (Fig 3). 
~NI/OH ~OH I '-':: Cl EtMgBr/(-)DIPT o • o )< h CHCI3, -50°C 
R 
OH 
10 %TFA 
DCM, rt 
Scheme 18: Asymmetric synthesis of isoxazolines. 
- 14 -
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Fig 3: Transition state in the asymmetric synthesis of isoxazoline derivatives. 
Polymers incorporating isoxazoles and isoxazolines, separated by a variable 
spacer group (X, Y ,Z), have been designed (Fig 4).21 The [3+2] cycloaddition 
reactions of a nitrile oxide with resin-bound alkynes or alkenes were achieved in high 
efficiency. 
Fig 4: Design of a polymer incorporating isoxazoles and isoxazolines. 
Isoxazolidines (25), (26) and (27) were assembled by 1,3-dipolar cycloaddition 
of nitrones, made in situ, and various dipolarophiles.22 Three different pathways A, B 
and C, each dealing with one of the three components attached to the solid support, 
have been evaluated (Scheme 19). 
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HO 
• 
• 
-
--
o 
/N 
o 
(25) 
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(27) 
Scheme 19: Synthesis of several isoxazoIines using different pathways. 
A polymer-supported oxazolidinone (28) has been used23 as a chiral 
dipolarophile in a 1,3-dipolar cycloaddition involving both nitrile oxide and nitrone 
substrates (Scheme 20). Isoxazolines (29a) and (29b) were obtained with satisfactory 
regioselectivity (70:30) and poor to moderate e.e. (up to 63%). Isoxazolidines (30a) 
and (30b) were obtained with poor to high diastereoselectivity (from 83% de. III 
favour of (30b) to a I: I ratio) and poor to high e. e. (7 to 99%). 
- 16 -
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+ -
l.Mes N-O / 
2. NaBH4, THFIH20 
(28) 
/ 
:~:~,o: x,O" 
(29a) (29b) (30a) (30b) 
Scheme 20: Oxalidinone as chiral dipolarophile. 
1.1.2.2 Synthesis ofpyrrolidine derivatives 
A convenient route to the synthesis of pyrrolidine substrates is the reaction of an 
azomethine ylide, generated from an imine, with a dipolarophile. Several pathways 
have been considered. 
Hamper et aP4 have generated an azomethine ylide by reacting a resin-bound 
aldehyde with a-amino ester (31). Subsequent 1,3-dipolar cycioaddition with a 
maleimide provided access to pyrrolidines (32) (Scheme 21). 
Amines25 (33) have been isolated onto resin and transformed into the 
corresponding imines (34) by condensation reaction with different aldehydes (Scheme 
22). (34) Were then reacted with several maleimides to give pyrrolidines (35). 
Encoded solid-phase chemistry has also been applied using the same reaction 
pathway,z6 
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H0ri<~ Wang Resin J . 
{- /- GHO Ph3P, THF, DEAD R 
lh 
0 N 0 
~O.,.L '\: 
, ~ ""'G02Me 
/---
R' 
~O~~ 
R' GHO 
TFA 
• 
DCM 
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DMF,80-100°C 
lh 
0 N 0 
H 
HO.,.L '\: 
S<--- N """G02Me H R, (32) 
Scheme 21: Generation of a resin-bound azomethine ylide from an aldehyde. 
R' 
~00NHFmoc 
o 
(33) 
o 
~O 
(35) 
R3 
I 
R' O~N~O 
1_._p_iP_e_rid_i_ne_,_D_M_F~~o, Jl~R2 _____ ~ ______ _ 
2. R2CHO I ' Toluene, reflux 
DCM, rt (34) 
1. R4COCl 
DCM, Pyridine 
2. TFA,DCM 
Scheme 22: Generation of a resin-bound azomethine ylide starting from an 
amine. 
Dondas et aP7 have described the reaction of a resin-bound alkene to an imine in 
the presence of silver acetate (AgOAc) for the generation of the azomethine ylide 
intermediate. The resulting polymer-bound pyrrolidines (36) have either been cleaved 
or subjected to further transformation. Pictet-Spengler reactions have been carried out 
- 18 -
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with different cycloadducts (36) and various aldehydes to provide several polycyclic 
systems (37) (Scheme 23). 
N 
H 
)-0 
o 0 
• AgOAc, DBU 
DC M, rt 
NaCN, Et3N 
THF/MeOH, 50°C 
(36) 
1. R2CHO,p-TsOH 
benzene or toluene 
2. TFA, DC M, rt 
(37) 
Scheme 23: Reaction of a resin-bound alkene with an azomethine ylide. 
The reaction of azomethine ylids with CI.,~-unsaturated ketones has also been 
reported (Scheme 24).28 
OH 
o 
~O Ar 3 steps 
7 
X 
Scheme 24: Reaction of azomethine yJids with CI.,~-unsaturated ketones. 
Attachment of the dipolarophile onto solid-support has been considered.29 
Barrett et az29a have synthesised a small library of N-unsubstituted pyrrolidines (38) 
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via a room temperature 1,3-dipolar cycloaddition of an azomethine ylide, generated in 
situ, with a polymer-supported maleimide (Scheme 24). 
2. extensive washing 
(38) 
Scheme 24: Reaction of a resin-bound dipolarophile with an azomethine ylide. 
Hoveyda et aP9b have used a polymer-bound maleimide in the solid phase 
synthesis of highly functionalised pyrrolidines but also for use as thiol scavengers 
(Scheme 26). 
/ 
R'yC02R2 
Nl 
Ar 
DBU,LiBr 
• THF, rt 
~RS~O RSH --N--Q--C02-Q 
o 
Scheme 26: Use of the polymer-bound maleimide as a thiol scavenger. 
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1.1.2.3 Synthesis ofpyrroles, pyrrazoles, imidazoles and triazoles 
The reaction of miinchnones with dipolarophiles via 1,3-dipolar cycloaddition 
represents a novel synthesis of pyrroles. Mjalli et apo have reported the synthesis of 
tetra- and penta-substituted pyrroles (40) by cycloaddition of alkynes with polymer-
bound miinchnones. The latter have been generated in a single step from an U gi four 
components condensation product of an aldehyde, an amine, a carboxylic acid and an 
isocyanide (Scheme 27). 
Q-NHFmoc 
I. Piperidine, DMF, 23°C 
2. HBTU, HOBT 
N-Fmoc amino acid, 
OlEA, DMF, 23°C 
3. Piperidine, DMF, 23°C 
(39) 
AC20, 65-1 OO°C 
2. TFA, DCM,23°C 
I. Et3N, DMAP, 
BOC20, DC M, 23°C 
(39),X;CH • 
2. 4: I (LiOH-H20 2) 
THF,23°C 
o R 'CHO, PhNC or II 2-PyrNC, R2COOH 
HN~~NH2 .. Q n CHCI3/Pyridine/MeOH 
(1:1:1) 
ft R1~::(R3) 
H2N~N--{ R2 
(40) 
AC20, 65-100°C or 
isobutyl chloroformate 
-------I.~ (40) 
2. TFA, DCM, 23°C 
Scheme 27: Synthesis of pyrrole derivatives on solid-support. 
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1,3-Dipolar cycioaddition of polymer-supported azomethine imine (42) with 
dimethyl acetylenedicarboxylate (DMAD) gave pyrrazole derivatives (43).31 The 
azomethine imines were generated from a polymer-supported a-silylnitrosoamide 
(41) by a 1,4-silatropic shift (Scheme 28). One feature of this reaction is that no 
cleavage operations were required after the cycioaddition. 
0 R' 
:/ ~~SiMe3 N20 4,AcONa 
• 
0.- CCI4, rt 
0 R' 
+)-
:/ ~ DMAD • 
0.- N, Toluene,80'C OSiMe3 
o R' 
.. )Q 7 '~Me3 
N..:::::- .~ o· 
• 
(41) (42) 
Meobc02Me 
! \ 
R' /N N 
H 
o 
(43) 
Scheme 28: Synthesis of pyrrazoles on solid-support. 
1,4-Diarylpyrrazoles (46) were obtained via cycioaddition between nitrile 
imines and resin-bound enamines (45) followed by elimination.32 The piperazine resin 
(44) allows traceless cieavage of these cycioadducts from the resin (Scheme 29). 
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(44) 
R1~CHO~Q 
.~ 
Benzene, Dean-Stark Q 
3%TFA 
DeM, rt 
Introduction 
• 
R, 
Scheme 29: Synthesis of 1,4-diarylpyrrazoles on solid-support. 
Triarylimidazoies33 have been successfully synthesised on solid-support using a 
miinchnone [3+2] cyc1oaddition in the key step bond-forming (Scheme 30). 
I. TFAlH20 
• • 
2. HOAc, lOooe 
Scheme 30: Solid phase synthesis of triarylimidazoies. 
The cyc1oaddition of azides to aikynes is one of the most important synthetic 
routes to IH-[l,2,3]-triazoies.34 
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Tomoe et aP4a have produced diverse 1,4-substituted [1,2,3] triazoles in peptide 
backbones (47) or side chain (48) using a regiospecific copper-Cl) catalysed 1,3-
dipolar cycloaddition of resin-bound tenninal alkynes to azides (Scheme 31). 
+ -
R'-N=N=N 
.,- '. 
eu ----\ : Peptide f-O 
N I Peptide f-N/ ~N--i Peptide I 
\ I 
or 
Scheme 31: Synthesis oftriazoles derivative on solid-support. 
(47) 
Blass et aP4b have assembled several compounds of the same class by reaction 
of a resin-bound azide with alkyne (Scheme 32). 
• ~.: 1/N3 
..,., 0/ '( 
R 
2. TFA, DCM 
Scheme 32: Synthesis of triazoles from a resin-bound azide. 
1.1.2.4 Synthesis of furan derivative/5 
a-Diazocarbonyls of the type of (49) have been shown to react with rhodium 
(ll) catalysts in the presence of electron-deficient acetylenes to give furan 
derivatives.35a The first step in this transformation was the fonnation of a highly 
reactive rhodium carbenoid that collapsed to a mesoionic dipole intermediate, 1,3-
oxazolium-4-oxide (50), also known as isomiinchnone. Isomiinchnones readily 
undergo [3+2] cycloaddition reactions with acetylenes to give bicyclic intermediates 
- 24-
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(51), followed by cycloreversion with loss of isocyanate affording furans (52) 
(Scheme 33). 
R1 
~)=O N2 Rhz(OAC)4 .. 
~ • Benzene, 80°C 
dy-OEt 
o 
(49) 
o OEt 
(51) 
(50) 
• + ~NCO 
(52) 
Scheme 33: Synthesis of furan derivatives. 
Whitehouse et aP5b have described a chemoselective rhodium (H) mediated 
solid phase 1,3-dipolar cycloaddition between acetylenes and isomiinchnones. 
1.1.2.5 Synthesis of fused polycyclic systems 
Solid phase synthesis of trisubstituted aromatic indolizines36 (56) has been 
achieved by a formal [3+2] dipolar cycloaddition of a resin-bound pyridinium salt 
(53) with a,~-unsaturated ketones (Scheme 34). An oxidative strategy has been 
adopted to preserve the bicyclic ring structure using the bimetallic complex TPCD 
[Co(pyridineMHCr04)2] as a reagent. When the resin-bound cycloadduct (54) was 
subjected to acid cleavage, ring opening occurred to yield an open-chain pyridinium 
salt (55). 
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(53) 
• 
(53) 
Q--(5N:r 10 PyBrop, DIEA, isonicotinic acid 
N 
DCE, rt 
H 
Q-~ 0 
TFA:H20 (95:5) 
o 
(54) 
I. R2CHCHCOR3, 
[Co(pyridineMHCr04hl, Et3N 
DMF,80°C 
2. TFA:HzO (95:5) 
• 
R' 
(56) 
Introduction 
(53) 
(55) 
o 
o 
Scheme 34: Solid phase synthesis of trisubstituted aromatic indolizines. 
Sequential cycloaddition of maleimides and nitrile oxides to resin-bound 
pyridinium methylides gave, after cleavage, maleimide-fused indolizinium 
carboxylates37 (57) (Scheme 35). (57) Was formed via isoxazoline fragmentation to 
give iminium intermediate (58) which underwent oxidation driven by the recovery of 
aromaticity in the resulting pyridinium salt and hydrolysis of the oxime (Fig 5). 
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R2 
\ 
N-O 
1. N-R I-MaJeimide, THF 
2. Et3N, rt 
H 
3. Cl" 
2./=-N, 
R OH 
THF 
0 }\-..N/R1 
""'~ 
0 
or-<> 
• 
TFA 
DCM 
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0 }\-..N/R1 
"''''''~ 
0 R2 
0 0 
Scheme 35: Synthesis of indolizinium carboxylate derivatives. 
o 
(58) 
Fig 5: Iminium intermediate. 
Synthesis of tropane derivatives has been reported by Caix-Haumesser et al?8 
1 ,3-Dipolar cycloaddition of a polymer-supported betaine (59) to vinyl sulfone led to 
resin-bound cycloadduct (60), which upon cleavage, afforded tropane derivative (61) 
as a mixture of regioisomer (Scheme 36). 
Further transformation of (60) could be accomplished such as l,4-addition of 
nucleophiles (Scheme 37). 
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Br 
MeONa,MeOH 
• 
PrOH, rt 
(59) 
• 
THF, reflux 
(60) 
• 
Scheme 36: Solid phase synthesis of tropane derivatives. 
\ Et2AICN 
Toluene, O°C 
Scheme 37: Further transformation of (60). 
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Several pyrrolizidine39 derivatives (63) have been synthesised by cycloaddition 
of an enantiopure cyclic hydroxylated nitrones and maleate (62a) or crotonate 
derivatives (62b), followed by reductive cleavage of N-O and cyclisation (Scheme 
38). 
.. 
N~O 
Scheme 38: Synthesis of pyrrolizidine derivatives. 
o 
(63a) 
(63 b) 
Gong et atO have reported an efficient diastereoselective route towards 2,5,6,7-
tetrasubtituted-lH-pyrrole[1 ,2-c Jimidazoles by intramolecular azomethine ylide 
cycloaddition and carbaniJide cyclisation chemistry (Scheme 39). 
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(iPr)2NEt, AgOAc Ph-N=C=O 
• • 
DCM 
""'IC02R2 
""'''H 
o 
Scheme 39: Route to 2,S,6,7-tetrasubtituted-IH-pyrrole[I,2-c]imidazoles. 
Hexahydro-2,3a, 7 -triazocyclopenta[ c ]pentalene-l ,3-diones 4 \ have been 
stereospecifically assembled in a 12 step reaction sequence from 4 variable building 
blocks by combining an intramolecular azomethine ylide cyc1oaddition reaction with 
a final cyclative cleavage from resin (Scheme 40). 
~OH 
12 Steps 
Scheme 40: Synthesis of Hexahydro-2,3a,7-triazocycIopenta[c]pentalene-I,3-
diones. 
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Syntheses of polycyclic lactams42 of structure (64) and (65) (Fig 6) via an 
intramolecular azomethine ylide cycloaddition have been described. The potential of 
such reaction for construction of a library of lactams has been demonstrated. 
(64) (65) 
Fig 6: Polycyclic lactams. 
1.1.3 [4+2] Cycloaddition on solid-support 
The importance of the Diels-Alder reaction for the construction of six 
membered carbon rings is well recognised. The reaction is also an extremely useful 
method for making six-membered heterocycles. 
Intramolecular Diels-Alder cycloaddition43 have been reported on solid-support. 
Sun et aZ43a have described cycloaddition between vinyl benzene and activated 
dienophiles for the synthesis of tricyclic compounds (Scheme 41). When the vinyl 
benzene contained an electron-withdrawing nitro group (R3 = N02), diastereisomer 
with RI and COOH pointing upwards and the proton being trans to each other was 
obtained as single product. 
Reaction of amino-acids derived trienes have been applied for the synthesis of 
several hydroisoindole derivatives (Scheme 42).43b Trienes cyclised at room 
temperature to give the predominant trans-fused bicyclic product. Furan moieties have 
also been used as dienes to access highly functionalised compounds (Scheme 43). 
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H H 
Ar-C=C-CHO 
.. 
LiBH(AcO)3' AcOH 
DCM 
COO-Q 
Bz-N 
Introduction 
DCM 
20%TFA 
DCM 
Scheme 41: Intramolecular Diels-Alder cycloaddition between vinyl benzene and 
activated dienophiles. 
R1~COO-Q 
R2N~ 
x 
X=2H,O 
Scheme 42: Synthesis of hydroisoindole derivatives. 
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--.. --l"~ "~" 
X A 
Scheme 43: Access to highly functionalised compounds using furan moieties. 
Diels-Alder cycloaddition of maleimides and nitrostyrene to resin-bound 4-
substituted-2-aminobutadienes (66) under mild conditions gave, after cleavage, 3,4,5-
trisubstituted cyclohexanones (Scheme 44). Reaction with nitrostyrenes was found to 
proceed more rapidly than with maleimides.44 
(66) 
I. trans-2-R2 -nitrostyrene 
THF 
2.3% TFA, DCM 
~l. N-R2-Maleimide, THF 
• 
2.3% TFA, DCM 
Scheme 44: Synthesis of 3,4,5-trisubstituted cyclohexanones. 
Polymer-supported 3,6-substituted-I,2,4,5-tetrazines (67) were reacted with a 
range of electron-rich dienophiles for the construction of functionalised 1,2-diazines 
compounds45 (68) (Scheme 45). Presence of a methyl sulphide/sulphone could result 
in subsequent nucleophilic aromatic substitution. 
Cheng et al have demonstrated46 the potential of a sulphone moiety as a 
versatile traceless linker and have developed a route to functionalised 4,5,6,7-
tetrahydroisoindole derivatives. Thermolytic S02 extrusion and in situ Diels-Alder 
cycloaddition represented the key step in the reaction sequence (Scheme 46). 
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R3 
Dioxane, It or reflux ) . 
R '= SMe or S02Me 
(67) 
N2>HX 
I. 20% TF A, DCM 
• 
2. K2C03, MeOH:THF 
(I :2) 
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Scheme 45: Construction offunctionalised 1,2-diazines compounds 
o 
I. N-phenylmaleimide 
___________ • PhN 
2. TosMIC or ethyl isocyanate, 
I-BuOK, THF, rt 
I. ethyl fumarate or 
n-propyl fumarate 
• o~ . 
"8-0 2.TosMIC or ethyllsocyanate, Od I-BuOK, THF, rt 
8 ij~ o 0 I. cyclopentadiene or 
cyc10hexad iene 
2.TosMIC or ethyl isocyanate, 
I-BuOK, THF, rt 
ethyl isocyanate 
I-BuOK, THF, It 
o 
NH 
Scheme 46: Route to functionalised 4,5,6,7-tetrahydroisoindole derivatives. 
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A polymer-bound furan (69), synthesised from Merrifield resin, was reacted 
with acetylenic dienophiles to afford stable Diels-Alder adducts (70). Transformation 
of (70) by Michael reaction with thiophenol has allowed a facile retro-Diels Alder 
reaction leading to the formation of stereochemically pure alkene and to regeneration 
of the polymer bound furan47 (69) (Scheme 47). 
~+HO 
Cl DMF, rt 
OHC - CH(OEt)2 + ~O 
Toluene,90oe 
sealed tube 
JJO (70) 
CHO 
I. PhSH, NaH 
THF, -noe to ooe 
Ph)CS CH(OEt)2 
I + (69) 
OH H 
Scheme 47: Formation of stereochemically pure alkene. 
The aza Diels-Alder reaction48 has been described for the formation of 
piperidine derivatives by reaction of an aldehyde, a diene, and an immobilised 
benzylamine. The [4+2] cycloadducts were cleaved from solid-support using traceless 
linker methodology (Scheme 48). 
- 35 -
R~ 
C ,~ R 
Introduction 
Yb(OTf)3 
DCM 
~o R, R' HCI.HN I R, 
Scheme 48: Aza Diels-Alder reaction onto solid-support. 
Library methods for solid-supported Homer-Wadsworth-Emmons olefination 
and [4+2] cycloaddition with 4-substituted urazoles (71) have been developed 
(Scheme 49).49 
o 0 
11 \\ /OEI 
~P\ 
HO OEI 
~ 
PyBOP, HOBT, 
NMM,DMF 
DBU, LiBT 
THF 
o 
1. Hr--\NR4 (71) 
HN\\, 
o 
PhI(OAch, DMF 
2. TFA,DCM 
o 0 0 OEI ~N Jl 0-l.n)CKOEt 
H' 1:' "H 
R 
Scheme 49: Synthesis of Triazolopyridazine derivatives. 
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1.1.4 Tandem cycloaddition reaction 
Kuster et al have reported50 a high pressure promoted one-pot three component 
tandem [4+2]/[3+2] cycloaddition reaction of enol ethers, nitrostyrenes and a resin-
bound acrylate (Scheme 50). Nitrostyrenes (73) reacted with the electron-rich enol 
ethers (72) in an inverse electron demand Diels-Alder reaction to form nitronate (74). 
(74) Underwent [3+2] cycloaddition with a electron-poor resin-bound acrylate leading 
to the formation of highly substituted nitroso-acetals. 
R10 R3 -
R3 0 
0..:::::-+/0 
"'1;r (O-Q R2) N [4+2] IN [3+2] + f R4 • + ~ 15 kbar R2 R4 DCM 
Ph Ph 
(72) (73) (74) 
R10 R10 
R3 
0 O ..... N~O 0 
Et3N, MeOH, KCN 
R2 .. R2 
Benzene R4 /0 
Ph Ph 
Scheme 50: Application of tandem cycloaddition on solid phase. 
1.1.5 [2+2+2] Cycloaddition 
A solid-phase synthesis of isoindolinones, using a rhodium (I) catalysed 
[2+2+2] cyc!oaddition has been described by Sun et al. 51 Resin-bound 
dipropargylamine (75) has been reacted with various alkynes in the presence of 
chlorotris(triphenylphosphine)rhodium (I) (Wilkinson's catalyst) to yield polymer-
bound isoindolines (76), which are released from the resin by acid cleavage (Scheme 
51). 
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Q-CHO 
o 
NaBH(OAc)3 
DCE, rt 
Cl 
5% Wilkinson cat. 
• 
TFA 
• 
DCM 
DMF, rt 
:/' 
0 '0-
"6 
• 
o 
(76) 
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HO~_ 
f~-\I 
DIC, HOBT 
DMF, rt 
(75) 
• 
ctt" R2 
Scheme 51: [2+2+2) Cycloaddition on solid-phase. 
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1.2 BIRCH REDUCTION AND REDUCTIVE~ALKYLATION: AN 
ASYMMETRIC APPROACH 
The reduction of aromatic compounds by alkali metals in liquid ammonia in the 
presence of a protic solvent such as an alcohol is called the Birch reduction (Scheme 
52).52 
o ROH o 
Scheme 52: General Birch reduction. 
Alkali metals in liquid ammonia can transfer an electron to the solvent, leading 
to solvated electrons. 53 These can add to the aromatic substrate to give a reduced 
species, the radical anion (77). The radical anion (77) is protonated by the alcohol to 
give radical species (7S), which is further reduced by a solvated electron to give the 
carbanion (79). This anion is protonated by the alcohol leading to 1,4-dihydro product 
(SO) (Scheme 53). 
0 electron Q +ROH Q electron • -RO-
H H 
(77) (7S) 
Q +ROH Q 
-RO-
H H H 
(79) (80) 
Scheme 53: General mechanism in the Birch reduction. 
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The Birch reduction has been used by several generations of synthetic chemists 
for the conversion of readily available aromatic compounds to alicyclic synthetic 
intermediates. 54 
1.2.1 Development of asymmetric tools for the Birch reduction 
1.2.1.1 Chiral auxiliaries in the Birch reduction 
The Birch reduction of derivatives of 2-methoxybenzoic acid followed by 
alkylation of the intermediate enolate is of great strategic value. The resulting chiral 
cyc1ohexa-l,4-dienes are converted to 2,2-substituted cyclohex-3-en-l-ones by 
hydrolysis of the enol ether. If the carboxylic acid is used in the reduction step, then 
treatment of the intermediate cyciohexa-l,4-diene with acid results in hydrolysis-
decarboxylation to give 2-substituted cyclohex-2-en-l-ones (Scheme 54). 
C(COX 1'-":: ~ 
OMe 
reduction 
or 
alkylation 
Scheme 54: Birch reduction-alkylation of 2-methoxybenzoic acid derivatives. 
Due to the lack of stereoselectivity in the reaction, Schultz et at initiated a 
program directed at the development of an asymmetric version of the Birch reduction 
and reduction-alkylation of derivatives of benzoic acid (Scheme 55).55 
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L-prolinol 
N-methylmorpholine 
eOOH N,N'-dicyclohexylcarbodiimide 
~ I-hydroxybenzotriazole • 
~OH THF,O°C 
Mitsonobu 
Reaction 
(83) 
ct2 o 
(82) 
(84) 
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oc"" 0 9 /- '. OH ""'H 
(81) OH 
I. MINH3 
t-BuOH 
(85) 
Scheme 55: Asymmetric Birch reduction-alkylation of benzoic acid derivatives. 
Reaction of o-hydroxybenzoic acid with N-methylmorpholine, N,N'-
dicyclohexylcarbodiimide, I-hydroxybenzotriazole and L-prolinol gave amide (81), 
Cyclisation of (81) was perfonned by use of the Mitsonobu reaction conditions,56 
Benzoxapenone (82) underwent Birch reduction with alkali metal in 
ammonialtetrahydrofuran solution in the presence of tert-butanoL The resulting amide 
enolate was subsequently treated with several alkylating reagents (Table 1), With 
methyl iodide, the product ratio was found to be independent of the metal used in the 
reduction step (entries 1-3), With alkylation reagents more sterically hindered than 
methyl iodide, the diastereoselectivity was high (~ 98:2, entries 4-6), A small amount 
of y-alkylated product (85) was obtained from enolate alkylation with methyl iodide, 
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RIX 
Product ratio Isolated yield of (83) 
Entry Metal 
(83):(84) (%) 
I MeI K 85:15 67 
2 MeI Na 85:15 
3 MeI Li 85: 15 
4 EtI K ;?:99: I 82 
5 C3HsBr K ;?:98:2 75 
6 C4H7Br K -98:2 89 
Table 1: Stereos electivity in the Birch reduction-alkylation of (82). 
Substance (86) was obtained in 96% e. e. by conversion of (83d) (entry 6) 
confirming the -98:2 diastereoselectivity in the alkylation step (Scheme 56). 
-;:/ 
0 w,oo~ ;/ X • --0 o H H I'l 0 
(83d) (86) 
Scheme 56: Confirmation of the diastereoselectivity in the alkylation step. 
Birch reduction-alkylation of prolinol derivative (87) has proved to be an 
effective reaction, which occurred with high diastereoselectivity to give (88) with 
configuration at the new chiral centre opposite to that obtained with (82).57 The ratio 
of diastereoisomers is independent of the substituent attached to the prolinol oxygen 
atom and the alkali metal used in the reduction step (Scheme 57). 
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(87) 
a RI =H , 
b, RI =Me 
c, RI = CH20Me 
I.M 
2. Mel 
(88) 
d.e. = 260:1 
M = Li, Na, K 
Scheme 57: ProJinol derivatives as chiral auxiliaries. 
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The synthesis of enantiomerically pure aminocyclohexanes (see section 1.2.2.1) 
was accomplished by Birch reduction-alkylation of a chiral anthranilic acid derivative 
(Scheme 58).58 
c(-~ 
H 0 
(89) 
I. K, NH3' t-BuOH 
THF, -78°C 
• 
2. RX 
ct~ H H 0 
(91) (92a) 
a RI =Me 
b' RI =Et 
c: RI = Allyl 
d RI = Bn , 
(92b) 
Scheme 58: Incorporation of nitrogen substitution on the derived cydohexane 
ring. 
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Heterocycle (89) was prepared by condensation of isatoic anhydride with L-
proline. Birch reduction of (89) was perfonned with potassium metal in 
ammonialtetrahydrofuran solution in the presence of tert-butanol. The resulting 
enolate was quenched with several alkylating agents (Table 2). On protonation with 
excess NH4Cl at -78°C, enolate (90) gave frans-fused p,y-unsaturated amide (91) in 
73% yield. Conventional reaction work-up and recrystallisation provided analytically 
pure productS.58a 
RI Product ratio Yield of (92) Entry 
(92):(93) (%) 
1 Me 85:15 54 
2 Et 91:9 68 
3 CH2CH=CH2 100:0 62 
4 CH2Ph 100:0 68 
Table 2: Quenching of the enolate with alkylating agents. 
Since, compounds of general structure showed in Fig 7 have demonstrated 
effective use as asymmetric tools for organic synthesis (see section 1.2.2 and 1.2.3). 
Fig 7: Tools for asymmetric Birch reduction-alkylation. 
The sense of stereoselectivity induced by compound (87b) is explained by 
consideration of enolate (94) (Scheme 59).59 
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(87b) 
M, NH3, t-BuOH 
• 
THF, _78°C 
~OMe 
~: ~O"~ 
~e 
(94) 
equilibrium 
l.enolaty 
2. RIX 
~ r OMe CA~ .. O OMe 
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Scheme 59: The sense of stereoselectivity of compounds (93). 
Internal chelation fixes the geometry of the enolate double bond and places the 
side chain of the chiral auxiliary syn to the O-M group to minimize steric interactions. 
Enolate (94), obtained directly from (87b) by alkali metal reduction in ammonia at 
low temperature, is considered to be a "kinetic enolate". A "thermodynamically 
generated" form of enolate (94) has been shown to give an opposite sense of 
diastereoselection on alkylation. The diastereomer distribution is >99: 1 for alkylations 
with methyl iodide, ethyl iodide, and benzyl bromide. 
Birch reduction-alkylation of 2-alkyl- and 2-trimethylsilyl benzamides60 
corresponding to structure (95) has provided a very general route to cyclohexa-I,4-
dienes of type (97) (Scheme 60). Alkylation of enolate (96) obtained from Birch 
reduction of (95b) gave cyclohexa-I ,4-dienes (97b) with diastereoselectivities greater 
than 100:1 (Table 3).60b The change in configuration of enolate (96) relative to (94) 
places the substituent X away from the bulky end of the enolate (solvated and/or 
aggregated) represented by O-ML3. As with (94), the alkylating agent prefers to 
approach (96) from the least hindered face of the enolate. 
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o ___ OMe 
r0NOf M, NH3, t-BUO~ llAx THF, _78°e 
(95) 
a, X = Alkyl 
b, X= SiMe3 
• 
(97) 
a, X=Alkyl 
b, X = SiMe3 
(96) 
(98) 
a, X = Alkyl 
b, X = SiMe3 
Scheme 60: General route to cycIohexa-1,4-dienes. 
Entry RIX (97b ):(98b) 
1 MeI 3.2:1 
2 Et! >100:1 
3 Me2CHl >100:1 
4 PhCH2Br >100:1 
5 AcOCH2CH2Br >100:1 
Introduction 
Table 3: Diastereoselectivity in the Birch reduction-alkylation of (95b). 
1.2.1.2 Stereogenic centers as stereodirectors for the Birch reduction 
Complementary processes to the utilisation of removable chiral auxiliary have 
been developed.61 2-Methyl-3,4-dihydroisoquinolin-l-ones61a (101) were prepared in 
three steps starting from (lR,25)-ephedrine (Scheme 61). Acylation of (lR,2S)-
ephedrine with ethyl chloroformate followed by hydrogenolysis with Raoey Ni 
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provided urethane (99). CycIisation of (99) to (100) was carried out in 
methanesulfonic acid in the presence of phosphorus pentoxide. The Birch reduction-
alkylation of (100) occurred with high diastereoselectivity in all cases (>20:1). 
(; ~HMe 
~Me 
OH 
o 
I. CIC02Et, NaHC03, 
H20, DCM 
2. Raney Ni, H2, 
EtOH, reflux 
• 
1. Li, NH3, t-BuOH 
THF, _78cC ro' Me 
(100) 
~eC02Et 
Me 
(99) 
1 0 
m Me 
(101) 
a, RI =Me 
b, RI = CH2=CHCH2 
c, RI = C6HsCH2 
d, RI = p-BnOC6H4CH2 
RI-e, - p-MeOC6H4CH2 
Scheme 61: Birch reduction-alkylation of substrates (100). 
Enantiomers (103a) and (103b) of (lOld) and (lOle) were obtained61b by Birch 
reduction-alkylation of (102), enantiomer of (100), prepared from (lR,2R)-
pseudoephedrine (Scheme 62). 
QJ:,Me 
, Me 
OH 
I. CIC02Et, NaHC03, 
H20, DCM 
o 
2. Raney Ni, H2o 
EtOH, reflux 
• 
~N~e ~'Me 
I. Li, NH3, t-BuOH 
THF, _78cC 
(102) 
1 0 ~NMe ~"" Me 
(103) 
a, RI = p-BnOC6H4CH2 
b, RI = p-MeOC6H4CH2 
Scheme 62: Birch reduction-alkylation of (102) enantiomer of (100). 
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3,4-Dihydro-4,S-dialkyl-2-benzopyran-I-one derivatives (104) were subjected 
to Birch reduction-alkylation.6Ic The diastereoselectivity for conversion to (105) were 
found to be in excess of 10: I (Scheme 63). 
(104) 
a, RI =Me 
b, RI =CH2Ph 
1. Li, NH3, t-BuOH 
THF, _78°C 
• 
2 0 
W 
(105) 
a, RI = Me, R = Me 
b RI =Me R2 =CH2Ph , , 
c, RI = CH2Ph, R2 = Me 
Scheme 63: Birch reduction-alkylation of (104). 
Birch reduction of 3,4-dihydro-3-methyl-8-phenylisocoumarins followed by 
alkylation with different reagents gave Sa-substituted hexahydroisocoumarins (106) as 
14: I mixture of diastereomers. Direct quenching with solid ammonium chloride 
(NH4Cl) gave 3-methyl-8-phenyl-3,4,S,6,7,S-hexahydroisocoumarin (107) as a 
mixture of two diastereomers in a 14:1 ratio (Scheme 64).6Id 
Derivatives (109) were prepared by Birch reduction-alkylation of isoindolinone 
substrate (108).6Ie C-Methylation occurred with a 7:1 ratio. When ethyl iodide and 
benzyl bromide were used, higher diastereoselectivity were observed (respectively 
10:1 and 100:0) (Scheme 65). 
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l?h 0 
I '-':: 0 
/-
I. Li, NH3, t-BuOH 
THF, -78°C 
2. piperylene 
/ • 
Me 1. Li, NH3, t-BuOH 
THF, -78°C 
" 2. piperylene 
" . 
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~ Me 
(106) 
a, RI =Me 
b RI =Et 
c'RI =Bn 
d', RI = CH2=CHCH2 
Cit Me 
(107) 
Scheme 64: Birch reduction-alkylation of 3,4-dihydro-3-methyl-8-
phenylisocoumarins. 
o 
~"M' 
Me 
(108) 
I. Li, NH3, t-BuOH 
THF, _78°C 
• 
(109) 
a, RI =Me 
b RI =Et , 
c, RI =Bn 
Scheme 65: Birch reduction-alkylation of isoindolinone substrate (108). 
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1.2.2 Expansion of the Birch reduction-alkylation methodologies: 
synthetic applications 
1.2.2.1 Synthesis of cycohexanes and related derivatives 
The Birch reduction-alkylation of substrate (89) afforded products with high 
sense of diastereoselectivity (see Scheme 58). In one application, removal of the 
chiral auxiliary was accomplished by treatment of (92) with aqueous sulphuric acid 
without lost of stereoselectivity (Scheme 66).58b The allyl derivative (92c) (see Table 
2, entry 3) gave (111) as a mixture of diastereoisomers. 
cr)2 
H H 0 
(92) 
o 
"n' , NH2 H 
(110) 
a,R I =H,34% 
b, RI = Me, 62% 
c, RI = Et, 82% 
d, RI = Bn, 83% 
+ 
(Ill) 
Scheme 66: Synthesis of enantiomerically pure amino lactone derivatives. 
Birch reduction of (112) in the presence of excess tert-butanol afforded 
cyclohexane (113). The chiral auxiliary was cleaved affording carboxylic acid (114) 
(Scheme 67).62 (114) Was converted to (-)-(IR,2R)-phenylcycIohexamine (116) via 
isocyanate (115), which could undergo cycIisation to tricycIic lactam (117) on 
treatment with AIel}. 
Chiral 2-substituted-2-cyclohexen-l-one (118) was prepared from (93) by Birch 
reduction-alkylation followed by acid catalysed hydrolysis-olefin migration63 
(Scheme 68). 
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OCH20Me 
Xo (H I = l:5 K, NH3, excess t-BuO .. H Ph THF 
OCH20Me 
~,8 ~Ph 
(112) 
(114) 
H 
H2
NtJ 6NHCl, AcOH 
• 
Ph 110°C 
H 
(116) 
A 
(113) 
Diphenyl phosphorazidate 
Et3N 
• 
benzene, reflux 
AlCl3 
(115) 
DCM 
(115) 
~ H N 
~ 
A 
~ 
(117) 
0 
Scheme 67: Synthesis of tricyclic lactam substrate via enantiomerically pure 
cycIohexane. 
OMe 
ci.,8 
OMe 
(87b) 
I. K, NH3, t-BuOH 
2. NH4Cl 
(119b) 
cY'rP 
Mea A 
I R M, ZnBr2 
• 
THF 
(118) ~OMe 
, "(rl;' 
(120) 
Scheme 68: Conjugate addition of organometallic to cycIohexanone derivatives. 
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Conjugate addition of organometallic reagents to (118) occurred with good to 
excellent diastereoselectivities (Table 4). 
Entry RIM Product Ratio 
Yield (%) 
(119a)+(119b) (120) 
I CH3Li 4:1 89 9 
2 CH3CH2CH2MgCI 30:1 57 10 
3 CH2=CHMgBr >30:1 73 
4 PhMgBr 32:1 49 49 
Table 4: Diastereoselectivity in the conjugate addition to (118). 
The chiral auxiliary was removed from the products of conjugate addition by 
treatment with hydroxylamine hydrochloride and sodium acetate to give an oxime of a 
3-substituted cyclohexanone (Scheme 69). 
&0 H i HONH2·HCl N ··""H NaOAc + • 'M~ OMe EtOH, H20, 60°C 
A 
HX 
~ Me 
H 
Scheme 69: Removal ofthe chiral auxiliary from conjugate addition products. 
Reaction of N-methylhydroxylamine with (119a) in the presence of p-
toluenesulphonic acid (PTSA) afforded I-Methyl-4,5,6,7-tetrahydro-4-substituted-
2,I-benzisoxazolin-3-ones (121). Treatment of (121d) with lithium in 
ammonialtetrahydrofuran gave 3-phenylcyclohexane in >97% e.e. (Scheme 70). 
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(119a) 
MeNHOH.HCI 
PTSA 
• 
benzene, reflux 
Introduction 
ct
MeN 0 
:::--- 0 
···""R1 
• 
THF 
H 
Scheme 70: Synthesis of enantiopure cycIohexanone derivatives. 
Addition of allyl silane to cyclohexenone (122) provided64 a route to 1-
methyltetrahydrobenzioxazolin-3-one (123) (96% e.e.). Reductive alkylation afforded 
2,3- disubstituted cyclohexanones (124) (Scheme 71). 
(87b) 
(122) 
I. Li, NH3, t-BuOH 
THF, _78°C 
• 
~OO~P-M~ 
~OMe benzene 
I. H2C=CHCH2SiMe3, 
TiCI4 
2. MeNHOH,H + 
• tv I. Li, NH3, THF 
H 
(124) 
MeN-O 
:::---
H 
(123) 
o 
Scheme 71: Addition of allyl silane to cycIohexenone (122). 
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Dienes (97b) were converted in three steps to the chiral cyclohexanones (125) 
(Scheme 72).60b 
(97b) 
I. POC, t-BuOOH, celite 
benzene 
2. H2, Pd/C, EtOAc 
3. CuCI2, OMF, 60°C 
(125) 
a, RI = Me2CH 
b, RI =Bn 
c, RI = AcOCH2CH2 
Scheme 72: Conversion of (97b) to chiral cyclohexanone derivatives. 
A very effective method for removal of chiral auxiliary from cyc1ohexenones 
(126) involved treatment65 with h to give iodolactones (127) (Scheme 73). 
Furthermore, selective cleavage with lithium hydroxide afforded butenolide 
carboxylic acids (128). A competing fragmentation process initiated by addition of 
hydroxide ion to the lactone carbonyl group gave the 4-hydroxycyc1ohexenones 
(129). 
[20 H20 
THF 
R2 
0~C02H 
R 
(128) 
0-; 
Rt""" : """'R2 a
o 
+ 
o 
(127) 
(r" 
R1 "'oH 
(129) 
THF,25°C 
Scheme 73: Effective method for removal of chiral auxiliary from 
cyclohexenones (126). 
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A different mode of fragmentation of the lactone rings (127) occurred to give 
butyrolactones (130) when anhydrous lithium alkoxides were used (Scheme 74). 
,*f0 
H"UH1 
o 
(127) 
THF 
• 
R1 O~C02R2 
I'l 
(130) 
Scheme 74: Alternative fragmentation oflactone rings (125). 
Cyclohexenones (126) also underwent diastereoselective dihydroxylation to 
give eis-diols (131) (Scheme 75).66 These diol amides are converted to 
. 
hydroxylactones (132) by an acid-catalysed process involving aldo/re-aldolisation 
prior to transacylation. 
(126) 
PTSA 
I. 0504, NMO, 
H20, acetone 
2. HOAc 
• 
~ 
benzene, reflux 
R1 U,R
2 
o 
(132) 
(131) 
Scheme 75: Diastereoselective dihydroxylation. 
The enantiomers of hydroxylactones (132) were obtained from iodolactones 
(127) by iodide exchange with TEMPO, followed by reductive cleavage of TEMPO 
derivatives with Zinc in acetic acid (Scheme 76). 
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benzene, reflux 
(127) 
Zn, HOAc Rl"""°EtWH"~R2 
• 
THF, reflux 0 
Scheme 76: Synthesis of enantiomers of hydroxylactones (132). 
Tetracyclic lactone (133) was obtained by treatment of (104b) with TFA. 
Analogous cyclisation of (104c) gave the fused tetracyclic lactone (134) with all cis-
stereochemistry (Scheme 77).6Ic 
'-': 
/- 0 
CF3S03H 0 
2 0 / DCM,O°C /-
W Me Me (133) 
-;/' 
(104) ~ Me b, RI = Me, R2 = CH2Ph CF3S03H ~ c RI =CH2Ph R2=Me • , , 
DCM,25°C 
H 
0 0 
(134) 
Scheme 77: Chemical transformation of (104b) and (104c). 
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Products (1 06a) and (107) resulting from Birch reduction-alkylation reaction 
(see Scheme 64) underwent useful synthetic transformations.61d Oxidation of (106a) 
and (107) with PDC and tert-BuOOH gave cyclohexenones (135) and (136) (Scheme 
78). 
eft ~h 
0 
Me 
POC, t-BuOOH 
• 
Celite, benzene 0 Me Me 
(106a) (135) 
C& ~h 0 POC, t-BuOOH Celite, benzene Me Me 
(107) 0 (136) 
Scheme 78: Synthetic transformations of (106a) and (107)_ 
Birch reduction of enantiopure substrate (137) followed by alkylation with 
methyl iodide gave the 1,4-cyclohexadiene derivative (138) with high 
diastereoselectivity (>35:1). Selective reduction of the disubstituted double bond with 
diimide, which was formed in situ from heating p-toluenesulphonyl hydrazide and 
catalytic sodium acetate, gave (139). Cleavage of the silyl ether followed by treatment 
with iodine under conditions of thermodynamic control afforded iodopyran (140), 
which was reduced to pyran (141) with AlBN and BU3SnH (Scheme 79).6Jb 
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(137) 
(139) 
Introduction 
1. Li, NH3, t-BuOH 
THF, -78°C 
2. piperylene 
3. Me! 
~'." I'T,NHNH,. N.o~, ~ "'CH20TBS DME, reflux 
• 
benzene, reflux 
(138) 
1. TBAF, THF 
• 
2. 12> THF, H20, 
25°C 
cO·, 
6 H ~ 
(141) 
~~ Me 
6 I ~ 
(140) 
Scheme 79: Synthesis ofpyran (141). 
When (142) was treated with N-iodosuccinimide (NIS) under kinetic control, 
(143) and (140) were obtained as a 9:1 mixture (Scheme 80). 
N!S, NaHC03 
• 
DCM,O°C 
c:J;e
O 
NMe 
~"""CH20H 
(142) 
(143) 
Scheme 80: Synthesis of iodotetrahydrofuran (143). 
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1.2.2.2 Birch reduction of heterocyclic compounds 
The Birch reduction-alkylation for the construction of optically active 
dihydrofuran derivatives has been studied. Kinoshita et al have described67 the Birch 
reduction-alkylation of the L-prolinol derived furamides (144) and (146). (144) Gave 
a 68:32 mixture of diastereostereomeric dihydrofuran (145), while (146) gave a 72:28 
mixture of diastereoisomer (147) (Fig 8). 
~b'-O~ d-Zd-OMe 
(144) (145) 
~"? o;y 
MeO MeO 
(146) (147) 
Fig 8: Birch reduction-alkylation of L-prolinol derived furamides. 
Donohoe et al have observed68 the same sort of ratio (61 :39) when reacting 
furan (146) with lithium in ammonia and quenching with methyl iodide (Scheme 81). 
n 
i(O/-----COCI 
~OMe. 
NaOH,DCM ~s 
MeO 
(146) 
1. Li, NH3, THF, 
-78°C 
• 
2. Me! ~s 
MeO 
Scheme 81: Birch reduction-alkylation of furan derivatives. 
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However, the use of a C(2) symmetric amine allowed the formation of substrate 
(148), which has been reduced stereoselectively (Scheme 82) with a variety of 
different electrophiles (Table 5). 
;{ Z)---C02H 
Entry 
1 
2 
3 
4 
5 
I. SOCl2 
• 2. NaOH, DC M, 
(S,S)-Bismethoxymethyl 
pyrrolidine 
Or-r, 0 + o , 
O--r' 
/""jN'Y"OMe 
MeO 0 
I. Na, NH3, _78°C 
• 
+ 2.E 
(148) 
E 
l""jN'Y"OMe 
MeO 0 
ctr' 
/" /N'Y"oMe 
MeO 0 
(149) (150) 
Scheme 82: Use of a C(2) symmetrical amine. 
Ratio Yield of 
E+ E 
(149):(150) (149) (%) 
MeI Me 30:1 88 
Et! Et > 30:1 74 
iBuI iBu > 30:1 68 
CH2=CHCH2Br CH2=CHCH2 ~ 30:1 62 
NH4C1 H 10:1 65 
Table 5: Stereoselectivity in the Birch reduction-alkylation of (148). 
The auxiliary was removed by heating the dihydrofuran amide (149) in 6M HCI 
at 100°C affording the corresponding carboxylic acids (151) with high level of 
enantiomeric purity (Scheme 83). 
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~o 6MHC' 
1'""jN'Y"OMe 100°C 
MeO 0 
(149) 
~" 
E 0 
(151) 
a, E = Me, 94% e.e. 
b, E = Et, 94% e.e. 
c, E = iBu, 94% e.e. 
Scheme 83: Removal of the chiraI auxiliary from (149). 
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The necessity of an alkyl group at the C(3) position limitated the nature of the 
furans that could be alkylated stereoselectively. Therefore, the C(3) alkyl group was 
replaced with one that might facilitate stereoselectivity during reduction but that could 
be removed afterwards. 
Introduction of a TMS group enabled the synthesis of dihydrofurans with a high 
level of stereoselectivity.69 Furans (152) were prepared in two high yielding steps 
(Scheme 84). 
OMe 
L 
n ~O/--COCI NaOH,DCM 
n :r> I. BuLi, THF, _78°? 
"o/----n 'LoMe 2. TMS-CI o 
OMe OMe 
! 
rl™S'''·:n I. Na, NH3, _78°~ 
"--o/--( 'LoMe 2. R1X o 
! ~C(~ 
o 
(152) 
Scheme 84: Introduction of a TMS group. 
Birch reduction-alkylation of the amide (152) allowed the introduction of a 
variety of groups at the C(2) position in good yields and high d.e. (Table 6). 
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Entry RIX RI Yield (%) d.e. (%) 
1 MeI Me 90 94 
2 BnBr Bn 86 94 
3 iBuI iBu 70 94 
4 I(CH2)3CI (CH2)JCI 80 94 
5 MOMCI CH20Me 91 94 
Table 6: Stereoselectivity in the Birch reduction-alkylation of amide (152). 
The formation of a trans enolate (153), which reacted with a high degree of Re 
face selectivity under the influence of the chiral auxiliary, was responsible for the 
degree of stereoselectivity (Fig 9). 
Si: Disfavoured 
IT OMe <:> 8 G) 
-<..0 Na 
o N 
il 
Re: Favoured 
(153) 
Fig 9: Formation of a trans enolate (153). 
Removal of the chiral auxiliary under the action of aqueous HCl afforded 
carboxylic acid derivatives, which retained or lost the TMS group according to the 
conditions used (Scheme 85). 
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OMe 
chC(oM. 
o 
• 
2MHCI 
reflux 
6M~ refl~;I~ 
W OH R 0 
(155) 
a, RI = Me, 93% e.e. 
b, RI = Bn, 94% e.e. 
c, RI = iBu, 94% e.e. 
cb{TMS OH 
o '1 R 0 
(154) 
a, RI = Me, 94% e.e. 
b, RI = Bn, 94% e.e. 
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c, RI = CH20Me, 94% e.e. 
Scheme 85: Removal of the chiral auxiliary under acidic conditions. 
Attaching the chiral auxiliary, bismethylmethoxypyrroIidine, to a furan 
derivative has allowed the fonnation of a nine membered-ring compound7o in 95% 
e.e. (Scheme 86). Substrate (156) was subjected to Birch reduction-alkylation and 
isolated as a 45: 1 mixture of diastereomers. After cleavage of the auxiliary, the 
recovered acid was analysed and showed an e.e. of 95%. Ester (157) was isolated 
after ozonolysis. 
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1. MeOH:H20 (9: 1) 
KOH, reflux 
2.Meo~ ... ",/OMe 
N 
H 
• 
Et3N, DCM, BOP-Cl 
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! \ 
o 
'-OMe 
1. Li, NH3, THF, _78°C 
bis(2-methoxyethyl)amine 
2. isoprene 
3. Mel 
1. EDCI, DMAP, 
iPrOH, DCM 
2. °2/°3, DC M, _78°C 
• 
3.DMS 
o 
o 
(156) 
2MHCI 
reflux 
(157) 
Scheme 86: Synthesis of a nine membered ring via Birch reduction-alkylation of 
a furan derivative. 
Shiifer et al have studied7! the stereoselective protonation of a pyrrole substrate 
(158) after Birch reduction (Scheme 87). 
• yyNC{ 
Bce 0 OMe 
I. M, NH3 
(158) 
Scheme 87: Birch reduction-alkylation of pyrrole (158). 
The selectivity was found to decrease as the temperature increased (entry 1). 
Lithium and sodium gave the same results but the reaction failed when potassium was 
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used (entry 2-4). Asymmetric protonation was shown to be more selective than 
methylation (entry 5) (Table 7). 
Entry T(°C) M RIX RI de. (%) 
1 -30 Li NH4Cl H 82 
2 -78 Li NH4Cl H 90 
3 -78 Na NH4Cl H 88 
4 -78 K NH4Cl H 
5 -78 Li MeI Me 50 
Table 7: Stereoselectivity in the protonation of (158) after Birch reduction. 
(-)-8-Phenyl menthol72 has been used as a chiral auxiliary in the Birch 
reduction-alkylation of substrate (159) (Scheme 88). 
1. KOH then (COClh 
2. (-)-(8)-phenylmenthol 
DCM 
• 
3. (BochO, Et3N, MeCN ~~ Boc 0 
(159) 
1. Li, NH3, THF, _78°C 
(MeOCH2CH2hNH 
2. Isoprene ~ ~O/--L:::L 
Boc 0 
(160) 
Scheme 88: Birch reduction-alkylation ofpyrrole derivative using (-)-8-phenyl 
menthol as chiral auxiliary. 
Pyrrole carboxylic acid was treated sequentially with oxalyl chloride, (-)-8-
phenyl menthol and di-tert-butyldicarbonate to afford ester (159) in 90% overall 
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yield. (159) Was then subjected to Birch reduction-alkylation with a range of 
electrophiles (Table 8). 
Entry RIX RI d.r. Yield (%) 
I MeI Me 8:1 97 
2 Ell Et 13:1 97 
3 iBuI iBu 20:1 96 
4 BnBr Bn High 96 
Table 8: Stereoselectivity in the Birch reduction-alkylation of (159). 
Removal of the chiral auxiliary from (160) furnished substituted dihydroproline 
derivatives (161) with high enantiomeric purity (Scheme 89). 
~ ~O/--L:::L 
Boc 0 
(160) 
1. TFA 
2. NaOH (aq.) 
3.(BochO V;(1 OH 7 Boc 0 
(161) 
a, RI = Me, 78% e.e. 
b, RI = Et, 86% e.e. 
c, RI = iBu, 90% e.e. 
d, RI = Bn, 90% e.e. 
Scheme 89: Removal of the chiral auxiliary from (158). 
Double reductive alkylation of substituted pyrrole derivatives has been 
reported.73 1,3,4-Tri-substituted pyrrole (162)73a was subjected to Birch reduction and 
quenched with excess electrophiles to afford cis-3,4-disubstituted pyrrolidines (163) 
(Scheme 90). 
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~1 R1 
EI02CtiC02EI 
7 
Adoc 
(163) 
a,RI = Me, 77%,91%d.e. 
b, RI = Et, 82%, 81% d.e. 
c, RI = iBu, 79%, 81% d.e. 
d, RI = Allyl, 70%, 81 % d.e. 
Scheme 90: Double reductive alkylation of 1,3,4-tri-substituted pyrroles (162). 
Sequential dialkylation of pyrrole (162) with two different electrophiles has also 
been developed (Scheme 91). In both cases, the reaction gave a single product. 
(162) 
1. Li, NH3, THF, _78 CC 
(MeOCH2CH2hNH 
2. Isoprene 
3. iBuI 
4.RI X 
~1 
EI02CUC02EI 
7 
Adoc 
(164) 
a, RI =Me, 76% 
b, RI = Bn, 84% 
Scheme 91: DiaIkylation of(162) with two different electrophiIes. 
Reduction of 2,5-disubstituted pyrroles73b (165) was shown to proceed with 
good levels of stereoselectivity, producing the trans-isomers (166) as single 
diastereomers (Scheme 92, Table 9). 
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1. Li, NH3, THF, -78°C 
(MeOCH2CH2hNH 
2. Isoprene 
• 
Et02C~C02Et 
R1 I R2 
Bac 
(165) (166) 
Scheme 92: Reduction of2,5-disubstituted pyrrole (165). 
Entry RI R2 
1 Me Me 
2 Et Et 
3 Bn Bn 
4 Allyl Allyl 
5 iBu Me 
Table 9: Product obtained after dialkylation of (165). 
1.2.3 Asymmetric synthesis of natural products 
Following the work undertaken in developing an asymmetric Birch reduction-
alkylation (see section 1.2.1), several natural products were stereo selectively 
synthesised. 
(-)-Longifolene74 was prepared starting from the cyc1ohexa-l,4-diene (167), 
which was obtained by Birch reduction-alkylation of benzoxazepinone (82) (Scheme 
93). The reaction proceeded in high enantioselectivity (>98% e.e.) and yield (>96%). 
Further chemical transformation afforded (-)-longifolene in high purity. 
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Me 
c{J? 
o 
Me o 
52 o 1. K, NH3, t-BuOH, THF, -78°C .. 
(82) (167) 
Me 
Me__.I ____ , 
(-)-Longifo1ene 
Scheme 93: Asymmetric synthesis of (-)-longiIfolene. 
Birch reduction-alkylation of substrate (168) has provided a precursor for the 
synthesis of the poison frog alkaloid (+ )-pumiliotoxin C58b (Scheme 94). Reduction of 
(168) with potassium in the presence of tert-butanol, followed by protonation of the 
resulting enolate with NH4CI at -78°C gave the eis-fused tetrahydrobenzene 
derivative (169). Amide-directed hydrogenation of (169) gave the hexahydrobenzene 
derivative with diastereoselectivity greater than 99: 1. Removal of the chiral auxiliary 
and further chemical transformations afforded the poison frog alkaloid (+)-
pumiIiotoxin C. 
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I. K, NH3, t-BuOH 6J? H2 (Ir( cod)Py(PCY3)]PF6 THF • .. 2. NH4CI DCM 
H H 0 
(169) 
Me02C 
I. MeOH/HCI 
~e~O 0 CL' I. 6N H2S04 2. TsCI, Et3N 
I. Na, NH3 
2. (Boc}zO, DCM 
o 
I. Hb Pd/C, EtOAc 
2. TFA, Et20 
• 
3. H2, Pd/C, MeOH 
2. CH2N2 
A NHTs 3. LiAIH4 
I. DMSO, (COClh 
Et3N 
• 
2. LiCI, EtN(IPr}z, 
(MeO}zPOCH2COC3H7 
CH3CN 
~ 
Ft H Ft 
(+)-pumiliotoxin C 
.. 
Scheme 94: Asymmetric synthesis of (+)-pumiliotoxin C. 
(+)-Perhydro-219A is part of a class of trans-decahydroquinoline a1ka1oids,15 
and was prepared from (170) in 13 steps in 15% overall yield (Scheme 95). Key steps 
of the synthesis included the stereoselective Birch reduction of (170) to give the 
perhydrobenzodiazepinedione (171) as a single diastereoisomer and the 
stereoselective hydrogenation of (172). 
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0 0 
-:9 1. K, NH3, t-BuOH -:9 1. MeOH, H2S04 (cat.) '-'::: THF N ·····'H .. "'~ /; 2.NH4CI i N H 2. TsCI, Et3N H 0 H H 0 
(170) (171) 
~ 0""":0 1;1 CH20H I. 6N HCI, EtOH 1. Na, NH3 
.. • 
NHTs 2. LiAIH4, THF NHTs 
2. (BochO, NaOH 
A A 
0 
~ I. DMSO, (COClh ~ ~ CH20H DCM C3H7 I. H2o Pd/C, EtOAc 
• • 
NH 
2. LiCI, EtN(i-Pr)2, NHBoc 2. TFA, Et20 
H I (MeOhPOCH2COC3H7 A 
Boc CH3CN 
H2o Pd/C 
• 
MeOH , N ' H H H 
(172) (+)-perhydro-219A 
Scheme 95: Asymmetric synthesis of (+)-perhydro-219A. 
The asymmetric Birch reduction-alkylation strategy for construction of the 
azaspiroundecane ring system 76 has demonstrated a suitable route for the synthesis of 
(+)-sibirine, (+)-nitramine and (-)-isonitramine (Fig 10) from the chiral benzamide 
(93) and benzoxazepinone (82) (Scheme 96). 
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N d? 
(+)-sibirine (+)-nitramine (-)-isonitramine 
Fig 10: (+)-Sibirine, (+)-nitramine and (-)-isonitramine. 
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The diastereomerically related keto esters (173) and (175), activated for removal 
of the chiral auxiliary, were obtained from (93) and (82). The requisite nitrogen atom 
was introduced by an azide displacement of chloride and, at an opportune stage of the 
synthesis, an intramolecular aminolysis of the carboxylic ester provided the 
enantiomerically related keto lactams (174) and (176). 
(87b) (173) (174) 
cCx o 3 Steps • 
(82) (175) 
(176) 
Scheme 96: Asymmetric construction of the azaspiroundecaue ring system. 
Birch reduction-methylation of the 2,3-dialkyl substituted benzamide (177) 
provided the cyclohexa-l,4-diene (178) (Scheme 97). 
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0 __ OMe 
Me ? 
K, NH3, t-BuOH :? 0 1. H2, PdlC, EtOAc THF h 2. H2S04, MeOH, H2O 
reflux 
Me 
OMOM 
(178) 
1. HC(OMeh, MeOH 
H2S04,50°C ~~ 2. KOH, MeOH, H2O, reflux AlBN, BU3Sn Me 
3. NaHC03, H20, THF 
0- benzene, reflux 
0 120 KI OMe 
(179) 
1. (COC1h, benzene, 
~ reflux I. RU04, NaI04, CCI4, 2. Li(t-BuO)3A1H, THF CH3CN, H2O Me OnC Me 0 2. KOH, MeOH, H2O, 3. SEM-CI, DIPEA 
relfux 0 
OSEM 
I. DIBAL, DC M, 
_78°C 
Me Me 
2. Ph3P~CH2' DMSO, 
I. HOAc, MeOH, 
CH3CN 
70°C 
2. TPAP, NMO, DCM, 
CH3CN 
Or 
Me 
(+ )-epianastrephin 
Me 
Scheme 97: Asymmetric synthesis of (+)-epianastrephin. 
Cyc10hexadiene (178) was converted to iodolactone (179). Reduction of (179) 
with BU3SnH occurred with exclusive equatorial delivery of hydrogen to give the 
axial methoxyethyl derivative (180). Lactone (180) was converted to the Caribbean 
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fruit fly pheromone (+)-epianastrephin77 (> 98% e.e.), which was obtained in 9.5% 
overall yield from the chiral benzamide (177). 
Substrate (182) has been a key intermediate in the asymmetric syntheses of both 
(+)-I-deoxylycorine78 and (+)_lycorine.78b Its synthesis was started by Birch 
reduction-alkylation of (87b) with 2-bromoethyl acetate followed by ester 
saponification to give (181). Further chemical transformations afforded (182) in 
excellent purity (Scheme 98). 
o ..._OMe 1. K, NH3, t-BuOH, 
cC f . _78°C to 25°C I: NO 2. BrCH2HCH20~C OMe 3. KOH, MeOH 
(87b) 
( 
o 
o 
(182) 
OH 
~ 0 r-0Me 
cX=o 
OMe 
(181) 
Scheme 98: Intermediate for the asymmetric syntheses of both (+)-1-
deoxylycorine and (+)-Iycorine. 
Hydrogenolysis of (182) gave the carboxylic acid (183), which was immediately 
converted to the N-hydroxythiazolin-2-thione ester (184). The allylic alcohol unit in 
(185) was obtained by a photochemical radical decarboxylation. The conversion of 
(185) to (+)-l-deoxylycorine was accomplished by Mitsonobu inversion to give an 
alJylic acetate, followed by reduction with LiAIH4 in refluxing tetrahydrofuran 
(Scheme 99).78 
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(184) 
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DCC,4-pyrrolidinopyridine, 
HONC4H4S2 
benzene, reflux 
o 
<0 
_L_i_A_IH_4_ ( 
THF, reflux 0 
DCM 
o 
(185) 
OH 
(+)-I-deoxylycorine 
Scheme 99: Asymmetric synthesis of (+)-I-deoxylycorine. 
Epoxide (182) was converted to the selenide, which after oxidation with sodium 
periodate gave allylic alcohol (186). Treatment of (186) with a mixture of acetic acid, 
acetic anhydride and sulphuric acid at 50°C provided a mixture of products containing 
the desired allylic acetate (187), which was isolated in only 34% yield. (187) Was 
converted to epoxide (188) with dimethyldioxirane. Removal of the benzyl group 
followed by photochemical decarboxylation afforded allylic alcohol (189), which was 
reduced with LiAIH4 to give (+)-lycorine (Scheme IOO).78b 
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PhSeSePh 
• 
2. NaI04, H2O 
o 
(187) 
hv, pyrex, acridin.e <0 
benzene, I-BuSH 0 
OH 
C02Bn 
<0 
0 
0 
(186) 
I. Dimethyldioxirane, 
acetone, O°C 
2. H2, PdfC, EtOH 
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AcOH, AC:20' H2S04 
• 
50°C 
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(188) 
?H 
HO 
( 
0 
(+ )-Iycorine 
Scheme 100: Asymmetric synthesis of (+)-Iycorine. 
A total asymmetric synthesis of (+)-apovincamine79 began with the Birch 
reduction-ethylation of the chiral 2-methoxy-5-methylbenzamide (190) to give (191) 
(diastereomer ratio> lOO: 1). Tryptamine was coupled to the butyrolactone carboxylic 
acid (192), and the resulting amide was converted to the keto aldehyde (193). An 
acid-catalysed cyciisation of (193) followed by a base-induced elimination of MeOH 
provided the key eis-fused diene lactam (194), which was converted to (+)-
apovincamine by a sequence of steps involving reduction of the ene lactam with 
LiAIH4 and oxidation of the methyl substituent by an electrophilic dibromination 
(Scheme 101). 
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Scheme 101: Asymmetric synthesis of (+)·apovincamine. 
The antitumor diterpene taxol is a target of great interest. A wide variety of 
strategies for the synthesis of its core structure have been produced (Scheme l02). 
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EWG 
A 17 step synthesis starting with the Birch reduction of amide (195) has 
provided an efficient route towards the enantioselective synthesis of the taxane C-ring 
component (Scheme 103),80 
The versatile cyclohexa-I,4-diene (95b) has served as an intermediate for 
synthesis of (-)-ebumamonine and the aspidosperma alkaloid (-)-aspidospermidine,81 
Birch reduction-alkylation of (95b) followed by further chemical transformation 
afforded butyrolactone carboxylic acids (196) and (197) (Scheme 104), 
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Scheme 103: Enantioselective synthesis of the Taxane Coring component. 
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(197) 
Scheme 104: Synthesis of butyrolactone carboxylic acids (196) and (197). 
(-)-Ebumamonine was synthesised in a total of 7 steps from (196), and 17% 
overall yield. The key Pictet-Spengler-type cyclisation of (198) under conditions of 
kinetic control gave an 18: 1 mixture of (199) and its C(3) ~-epimer in 93% yield 
(Scheme 105). 
ct
C02H 
o Tt 
o + 
SiMe3 
(196) 
1. LiBH4' MeOH, THF 
2. KH, THF 
Et 
(199) 
~" "":00 HO H 
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o 
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Scheme 105: Asymmetric synthesis of (-)-eburnamonine. 
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The synthesis of (-)-aspidospermidine required five steps from (197) and was 
carried out with an overall yield of 19% (Scheme 106). 
tf
C02H 
o If! 
o + 
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1. DIBAL-H, DCM, 
-78°C 
2. HOAc, reflux 
3.20% NaOH, MeOH 
o 
reflux 
HO 
THF, reflux N 
H H 
( -)-aspidospermidine 
Scheme 106: Asymmetric synthesis of (-)-aspidospermidine. 
o 
The butyrolactone route to alkaloids was demonstrated again82 with a synthesis 
of (202), the core structure of the melodinus alkaloid (+ )-meloscine (Scheme 107). 
Stereoselective Birch reduction-alkylation of (200) and the Mannich bicyclisations of 
(201) were the key steps in its synthesis. 
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Scheme 107: Synthesis ofthe core structure of the melodinus alkaloid (+)-
meloscine. 
The hasubanan alkaloids are of phannacological interest because of their 
structural resemblance to the morphine alkaloids. Asymmetric synthesis of the 
hasubanan alkaloid, (+)-cepharamine, has been reported83 in a 16-step sequence and 
with an overall yield of 12% (Scheme 108). 
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Scheme 108: Asymmetric synthesis of the hasubanan alkaloid, (+)-cepharamine. 
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8-Amino-5,9-methanobenzoc1yc1ooctene (204) was prepared from 7-
methylpyrrolobenzodiazepine (203) in 27 % overall yield (Scheme 109).84 
I. LiAIH4, THF 
• 
2. NaH, THF, Me! H---J'+~I 
75% 
TsHN 
OMe 
Me 
0"" 
I. EtSH, NaH, DMF 
2. Na,NH3 
70% H_--+~I 
H2N 
OMe 
(-)-(204a) 
Scheme 109: Synthesis of enantiopure unnatural alkaloids (204). 
OH 
Me 
Modifications of this chemistry enabled the synthesis of analogues of (204) (Fig 
11). The enantiomer of (203) provided the enantiomeric series (+)-(204). Novel 
azeztidine (+ )-(204g) was also prepared. 
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Fig 11: Unnatural alkaloids (204). 
The syntheses of both (-)-cis- and (-)-trans-crobarbatie acid and have been 
realised in a five step sequence85 in 66 and 40% yield respectively. The key reaction 
was the Birch reductive alkylation of a chiral furoie acid (Scheme 110). 
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Scheme 110: Synthesis of (-)-cis- and (-)-trans-crobarbatic acids. 
The synthesis of (+ )-nemorensic acid has been achieved in a nme steps 
sequence,86 starting from a commercially available furoic acid (Scheme 111). The key 
steps were the chiral auxiliary controlled, stereoselective Birch reduction of 3-methyl-
2-furoic acid and the stereoselective reaction of an oxonium ion generated within the 
tetrahydrofuran ring. (+)-Nemorensic acid was obtained in 25% yield overall. 
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Scheme 111: Synthesis of (+)-nemorensic acid. 
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CHAPTER 2: 
RESULTS AND DISCUSSION 
Results and discussion 
2.1 A NEW STRATEGY FOR THE SOLID-PHASE SYNTHESIS OF 
CYCLOBUTANONES AND RELATED DERIVATIVES 
2.1.1 Introduction 
2.1.1.1 Naturally occurring cylobutanones and most valuable derivatives 
The naturally occurring four membered ring ketones presently known are not 
numerous and most have been isolated from plants.87 Cyclobutanones (205) and (206) 
were isolated from the low molecular latex fraction of the rubber tree Hevea 
brasiliensis. 87• Monoterpene filifolone (207) occurs in nature in both enantiomeric 
forms. The (lS,5S)-isomer was isolated from Artemisia fila/alia Torrey, a sand sage 
from Arizona, and the (lR,5R)-isomer from Ziera smithii Andrews from Australia. 
87b,c The monoterpene chrysanthenone (208) was isolated in 1957 from the flowers of 
Chrysanthemum sinese Sabin (Fig 12).87d 
(205) (206) (207) (208) 
Fig 12: Naturally occurring cyclobutanones. 
Of all derivatives obtained from cyclobutanones, ~-Iactams have found many 
interests in pharmaceutical industry.88 The reign of ~-Iactam antibiotics has lasted for 
about 50 years now. The ~-Iactam antibiotics can be classified into several groups 
according to their structural characteristics, but their unique structural feature is the 
presence of the four-membered ~-Iactam (2-azetidinone) ring. The penicillins differ in 
their ~-acylamido side chains and this has a profound influence on their antibacterial 
activity. Cephalosporins, carbapenems, the monocyclic monobactams belong also to 
this family of antibiotics (Fig 13). Several reasons are responsible for this: these 
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antibiotics possess very Iow toxicity, and new semi-synthetic or total synthetic 
derivatives with enhanced activities have been developed continuously. 
NH2 
fYYO )=r:r< tOOH 
Penicilins 
OH • 
~" . "'rr}-s~N;> 
orN~ H2N 
COOH 
Carbapenems 
H2N-{1l U N---- Y"HN'r-TS 
N"OMe o'~-N~OAC 
COOH 
Cephalosporins 
Monobactams 
Fig 13: Semi-synthetic ~-lactam antibiotics. 
2,1.1.2 Synthesis of cyclobutanones: keteniminium salt approach 
Cyclobutanones are important synthetic intermediates. Apart from their ready 
availability, their large ring strain,89 their high electrophilicity of the carbonyl carbon 
atom and their high photochemical reactivity offer interesting mechanistic aspects. A 
general method that can be employed for their synthesis is the [2+2] cycloaddition of 
olefins with ketenes90 and keteniminium saIts.91 
In 1972, Ghosez et al reported92 that N,N-dimethyl-N-(2-methyl-1-
propylidene )ammonium tetrafluoroborate reacted readily with olefins and acyclic 
dienes to give cyclobutylideneammonium salts in high yield. However, the use of the 
expensive reagent silver tetrafluoroborate (AgBF4) for the generation of the cation 
from the a-chloroenamine substrate was a severe limitation of the method. Two years 
later, they reported93 a new and simple procedure that did not require this reagent. 
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Reaction of an a-chloroenamine with zinc chloride in refluxing dichloromethane gave 
a salt, which reacted with olefins to form a cyclobutylideneammonium salt. 
Hydrolysis of the crude salts in 1 N sodium hydroxide furnished cyclobutanones in 
high yield. Nevertheless, they noted that this method suffered from important 
limitations. Whereas "keto" keteniminium salts generated from a-halo enamines91 and 
Lewis acids always cyclised, "aldo" keteniminium salts often reacted faster with an 
alkene or alkynic partner. They concluded that this limitation should not occur with 
non-nucleophilic precursors of the keteniminium salt and figured out that 1-
dialkylaminoalkenyl trilfluoromethanesulfonates (210) would fulfil this purpose. The 
mechanism94 involved is as follows: The acylation of the tertiary amide (209) with 
trifluoromethanesulfonic anhydride was found to give a mixture of O-acylated (major) 
and N-acylated (minor) products. In the presence of 2,4,6-trimethylpyridine 
(collidine) and an olefin, [2+2] cycloadducts were formed which were directly 
hydrolysed to the corresponding cyc1obutanone. They proposed that collidine 
converted the O-acylated intermediates into l-dimethylaminoalkenyl 
trifluoromethylsulfonates which directly ionised into the corresponding keteniminium 
salts: Cycloaddition with an olefin followed by hydrolysis released the corresponding 
cyclobutanones (Scheme 112). 
~idine 
R2R 1 C=c!°S02
CF
3 
\ 
N(CH3)2 
(210) 
Scheme 112: Proposed mechanism for the [2+2] cycloaddition of olefins with 
keteniminium salts. 
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The cycloadditions of keteniminum salts are stepwise, not concerted, and are 
occasionally accompanied by loss of stereochemistry.95a 
Ghosez et al studied95b the asymmetric [2+2] cycloaddition of a keteniminium 
salt to an olefinic double bond. The intramolecular cycloaddition of a keteniminium 
salt generated from an amide derived from (S)-prolinol methyl ester gave a 
cyclobutanone in 27% e.e. and 70% yield (Scheme 113). 
cfp 
OMe 
1. TfzO 
2. 2,6-di-t-butyl-4-methylpyridine 
• 
Scheme 113: Towards and asymmetric [2+2J cycloaddition. 
The poor enantiomeric excess resulted from the formation of two 
diacteroisomeric salts which reacted with opposite facial selectivities (Fig 14). 
Fig 14: The two possible diastereoisomeric salts. 
This problem was avoided using a chiral pyrrolidine having a C-2 symmetry. 
The final product was obtained in up to 98% e. e. and 88% yield (Scheme 114). 
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1. Tf20 
2. 2,6-di-t-butyl-4-methylpyridine c:P 
Ft 
R = Me or CH20Me 
Scheme 114: Use ofa chiral pyrrolidinewith C-2 symmetry. 
2.1.1.3 Application of the keteniminium-olefin cycloaddition on solid phase 
Solution phase syntheses of cyc1obutanones using this method have been 
successfully reported in the literature.96 In chapter I (see section 1.1.1.2), a solid 
phase approach to cyc1obutanones and derivatives was mentioned. 12 Commercially 
available alkenols were immobilised on a carboxylated polystyrene resin (211), which 
was prepared in three simple steps from Merrifield resin (Scheme 115). 
~ Cl 
I. NaH, CH2(C02Et)z, DMF 
2. 2N KOH (aq.), THF 
3. HCI (ag.), THF 
alkenol, DlC, DMAP 0 f? 
--------> ~/x~ 1 o R 
DCM 
(17) 
> ~C02H 
(211) 
RI = H, X = -CHr 
RI =H, X=-(CH2h-
RI = H, X = -(CH2)S-
Scheme 115: Immobilisation of different alkenol substrates on Merrifield resin. 
The ester-linked alkene resins (17) were added to a five-fold excess of the 
keteniminium salts (18), leading to the formation of resin-bound cyc1obutanone 
iminium salts (19) (Scheme 11). (19) Was then hydrolysed using an aqueous sodium 
bicarbonate solution (NaHC03 (aq.» in tetrahydrofuran without any significant 
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cleavage of the ester Jinker. Cyclobutanones (213) were prepared in high overall yield 
(Table 10) by cleavage of (212) using potassium trimethylsilanolate (KOTMS) 
(Scheme 114). Cyciobutylamines (214) and cyciobutanols (215) were also prepared 
from (19) or (212) (Scheme 116). 
• 
DCM, reflux 
(17) 
Scheme 11: Synthesis of a resin-bound iminium salt on solid support. 
(19) NaHC03 (aq.~ 
THF 
(19) 
(212) 
MeMgCI 
THF 
Me4NHB(OAc) I;) fl . R' 
DCM ~X / 
. 0/ ¥R5 
R4 R2 or MeMgCI N/ 
THF R3 I R2 
KOTMS 
MeOHIDCM 
(213) 
LiBH4,MeOH 
THF 
KOTMS 
• 
MeOHIDCM 
KOTMS 
MeOHIDCM 
HO/XY--{H 
R4~OH 
R3 
(215) 
Scheme 116: Chemical transformations of (19). 
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Entry Product n RJ R4 R; Yield (% )",6,c 
~ 1 HO 2 96 Me ~ 0 ~e 
~ 2 "~,-; .. ":~ 38d,e HO 
3 1 Me Me H 57 (7:1)" 
4 I H Ph H 80d HO~R5 
5 2 Me Me H 70 (5:1)C 
R3 , OH 
6 k4 2 Me Me Me 76 (6:I)C 
7 2 H Ph H 94d 
8 ~ Me Me 84 (3:2)" ~ ,-;. ~ .. ~ 9 H Ph 83 (4:3)C HO 
10 H 97 (13:1)" H~NMe2 
11 Me \ R5 Me 73 (20:1)" 
Me 
12 ~ 2 H Ph 88d l3 8 Me Me 67 n R4 3 
R 
;Q NH 67 (10:1)" 14 Mea \ -: p~"'" H 
HO 
~ 74d 15 NH H .' °ptf'" H 
, All yields refer to isolated products, 6 Yields are calculated based on loading of the 
carboxylated resin (211), 'Ratio ofCCl) epimers (~:a), d only one isomer observed, e 
Cleaved from resin with pyrroIidine, 
Table 10: Products from [2+2) cycloadducts on the solid-phase. 
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Some ring expansion reactions of the resin-bound cyclobutanones were 
examined (Scheme 117). Baeyer-Villager ring expansion of ketones (212) using m-
CPBA provided y-lactones (216), which were cleaved from the resin by 
transesterification. Similarly, Beckmann rearrangement of (212) (R2 = H, R3 = Ph) 
followed by transesterification provided y-lactams (217) (Table 10). 
I. m-CPBA, DCM 
• 
2. KOTMS, MeOHIDCM 
I. O-mesitylenesulfonyl-
hydroxylamine, DCM 
(212) • 
2. KOTMS 
MeOH/DCM 
Scheme 117: Chemical transformations of (211). 
R\'~' ° '" 
NH 
HO,X " .. , 
ptf H 
(217) 
One issue of interest to these reactions is that cleavage of the product from the 
resin is not "traceless". The cleavage of the ester linkage using KOMTS always forms 
an hydroxyl group attached to the spacer group X (see Scheme 12) which limits 
further functionalisation at this position. 
2.1.1.4 Project aim 
Our main aim was to develop a new method for the solid phase synthesis of 
cyclobutanones. One advantage of this approach is that since the carbonyl group 
generated on cleavage is inherent in the target ring system, the approach is essentially 
"traceless". The linker used for the synthesis, (2S)-2-hydroxymethylpyrrolidine 
(known as (S)-( + )-prolinol), could provide asymmetric induction to the reaction. 
Finally, the final polymer-bound amine (218) could be potentially recycled in order to 
perform another reaction sequence (Scheme 118). 
h 
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NaHC03• DCM . )' ):( 
CNH 
j 
(218) 
Scheme 118: Aim of the current project. 
2.1.2 Development of solution phase model reactions 
2.1.2.1 Intermolecular cycloaddition reaction 
Cyclobutanone (219) was chosen as a potential target in order to test the 
viability of the intermolecular reaction using our traceless approach (see Scheme 
118). A suitable disconnection showed that the desired product could be prepared 
from a cycloaddition between iminium salt (220) and commercially available allyl 
benzyl ether (Scheme 119). A precursor to (220) could be obtained in only a few steps 
from commercially available (S)-(+)-prolinol. The benzyl group attached to the 
hydroxyl moiety present in (S)-( + )-prolinol was used to mimic the future Merrifield 
resm. 
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(221) 
(220) 
Scheme 119: Possible retro-synthesis to product (219). 
Our first approach towards (221), the precursor of (220), consisted of a two-step 
sequence starting from (S)-( + )-prolinol. Acylation of the amine moiety followed by 
benzylation of the hydroxyl group could provide (221) (Scheme 120). The amount of 
2-chloro-l-phenyl-ethan-l-one (phenylacetyl chloride) used was found to be sensitive 
in the acylation step. When 1.5 eq. of phenyl acetyl chloride was added to the reaction 
mixture, the diacylated produt was isolated. It was possible to convert the substrate to 
the desired monoacylated intermediate (222) by stirring it overnight with an acidic 
resin (Amberlite exchange resin lRA-400, FISONS laboratory) in methanol. Although 
the N-acylated compound could be obtained via this route, we decided to look for a 
more staightforward pathway and found that reacting (S)-(+)-proJinol with 0.9 eq of 
phenyl acetyl chloride in the presence of 4-(dimethylamino)pyridine (DMAP) and 
triethylamine (Et3N) afforded the desired substrate (222) in up to 74% yield. With the 
N-acylated product in hand, the benzylation reaction remained to be performed to 
access (221). Several reaction conditions have been tested for this reaction but none of 
them lead to (221) (Table 11). 
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Cl ~ 
• 
DCM 
(222) 
l. Base 
(221) 
Scheme 120: Route to (221), precursor of (220). 
Entry Base PhCH2X Conditions Results 
1 NaH BnCl THF, oce to RT No reaction 
2 KH BnCl 
THF, OCC to RT, 
No reaction 
l8-crown-6 
NaH 
THF, oce to RT, 
Complex mixture 3 BnBr 
NI(Bu)4 
4 NaH BnBr DMF, -70cC No reaction 
Table 11: Benzylation reaction of the N-acylated product. 
The use of sodium hydride (NaH) as a base, followed by addition of benzyl 
chloride in tetrahydrofuran (THF) did not lead to the desired product (Table 11, entry 
1). Reaction with potassium hydride (KH) in the presence of 18-crown-6 was also 
unsuccessful (entry 2). Alkylation with benzyl bromide in either THF, in the presence 
of tetrabutylammonium iodide (NI(Bu)4),97 or dimethylformamide (DMF),98 did not 
improve the reaction (entry 3 and 4). 
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Since N-acylation followed by O-benzylation was unsuccessful, protection of 
the amine followed by further chemical transformations was envisaged. Reaction of 
(S)-( + )-prolinol with di-tert-butyldicarbonate (Boc20) in dichloromethane (DCM) 
afforded white crystals in quantitative yield. Benzylation97 was achieved using N aH 
and benzyl bromide in the presence of B14NI, followed by deprotection using 
trifluroacetic acid (TFA) to yield red crystals. The desired precursor (221) was 
isolated in 24% overall yield after N-acylation of (225) with phenylacetyl chloride in 
the presence of Et3N and DMAP (Scheme 121). 
He! 
DCM,100% 
HO/ 
(223) 
CNH 
TFA 
d 
• 
DCM,rt,78% 
(225) 
Cl 
I. NaH, O°C 
2. BnBr, BU4N1, rt 
• I 
THF,62% d 0 24) 
~ ~ CN ~ ; • 
DMAP/Et3N d DCM,49% 
(221) 
Scheme 121: Successful route towards (221). 
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(221) Was then sUbjected to cycloaddition reaction conditions.99 (221) Was 
treated with trifluromethanesulphonic anhydride (Tf20) at -20°C followed by 
addition of a mixture of collidine and allylbenzyl ether. The crude keteniminium salt 
was then hydrolysed l2 with NaHC03 (aq.) leading to cyclobutanone (219) (Scheme 
122). The results obtained are summarised in Table 12. 
0° ,,_ -I( ;=) _1_.( _CF_3_S_0_2)--l2~~ ~ 2. collidine 
Bnd' (221) 
CF3S03 
CN=o==<h 
, H 
) 
BnO 
I. allylbenzylether 
2. NaHC03 (aq.) 
(219) 
Scheme 122: Formation of cyclobutanone (219). 
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Mol Moleq.of Moleq. Reaction NaHC03 IR Entry eq.of allylbenzyl of time (aq.) (cm-')" Result 
Tf20 ether collidine (honrs2 (honrs2 
I 1.2b 1.2 1.2 2 0.3 1779 Impure 
2 1.2 2 1.2 2 0.3 1711 N.R.e 
3d 1.2 2 1.2c 4 20 1732 N.R! 
4d 3b 2 1.2c 4 20 1732 N.R! 
a Cyclobutanone shows a characteristic peak at 1779 cm-i. b Fresh Tf20 was used. ' Freshly 
distilled collidine was used. d Performed after test reaction using pyrrolidine as amine. e N.R. 
= no reaction. 
Table 12: Attempts of cycloaddition reactions with (221). 
An FTIR spectrum of the resulting product in entry I, obtained after 
purification, showed a peak at 1779 cm-' corresponding to the cyclobutanone ring.'oo 
The compound obtained still contained some impnrities which were difficult to 
remove. Subsequent attempts at this reaction failed and increasing the amount of 
allylbenzyl ether used did not lead to the desired product (entry 2). A test reaction was 
then performed using a much simpler precnrsor, thus reducing possible steric 
hindrance. Pyrrolidine was reacted with phenylacetyl chloride in the presence of Et3N 
and DMAP to yield amide (226) (Scheme 123). 
Phenylacetyl chloride 
Et3N/DMAP 
• 
DCM,60% 
(226) 
Scheme 123: Precursor for the test reaction. 
A first attempt at cycloaddition failed to produce any traces of (219). In the 
absence of possible steric hindrance, the quality of the reagents used was then 
questioned. Since Tf20 and allylbenzyl ether had been recently purchased, collidine 
(boiling point 170°C1760 mmHg) was purified by distillation under reduced pressnre 
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leading to a colourless liquid. A second attempt at the cycioaddition reaction was 
performed using the freshly distilled collidine. The evolution of the formation of the 
cyciic iminium salt was followed by FTIR. An interesting peak at 1726 cm· l , which 
corresponded to the cyclic iminium salt, 100 was observed. After 4 hours at room 
temperature, an aqueous sodium bicarbonate solution was added to the reaction, 
which was refluxed for 20 hours. An FTIR of the crude product showed a peak at 
1779 cm· l , which corresponded to the desired cyciobutanone. The pure product (219) 
was isolated in 20% yield. The data obtained agreed with those reported in the 
literature. I 01 
Cycioaddition of precursor (221) was then further investigated. Despite the fact 
that conditions set in the test reaction were applied, no product of cycioaddition was 
isolated (Table 12, entry 3). Increasing the amount of Tf20 did not improve the 
reaction (Table 12, entry 4). Repeated failures could mean that the iminium salt 
generated from (221) was too sterically hindered for a possible reaction with 
allylbenzyl ether. It was thought that transposing the hydroxyl group from C(2) to 
C(3) of the pyrrolidine ring could perhaps remedy this problem. 
A new precursor was then synthesised starting from pyrrolidin-3-01 and using 
the established route to (221). Pyrrolidin-3-01 was first protected with Boc20. The 
resulting substrate was O-benzylated and the protecting group was then removed with 
TF A. The free amine was acylated with phenylacetyl chloride in the presence of Et3N 
and DMAP affording (230) as a yellow oil (Scheme 124). 
(230) Was then tested towards cycioaddition reaction conditions. A solutin of 
amide (230) in DCM was cooled to -20°C and treated with Tf20 (1.2 eq.). A mixture 
of collidine (1.2 eq.) and allylbenzyl ether (2 eq.) was added. After hydrolysis of the 
reaction mixture with NaHC03 (aq.) no cycioadduct was observed (FTIR did not 
show any peaks at 1779 cm·l ). Raising the amount of Tf20 and collidine from 1.2 eq. 
to 2 eq. did not improve the reaction (Scheme 124). 
Neither (221) or (230) were able to produce cyclobutanone (219) after reaction 
with allylbenzyl ether under cycioaddition reaction conditions. Studies of 
intermolecular cycloaddition in solution phase were unsuccessful and were not 
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pursued forward to solid phase chemistry. Intramolecular cycloaddition reactions 
were then considered as a possible application. 
HO~NH _B_oc_2_O_. HO~N-<tBU 
DCM,92% 
(227) 
1. NaH, ODC 
2. BnBr, BU4N1, rt 
THF,70% 
TFA 
Phenylacetyl chloride 
DMAP/Et3N 
• 
DCM,RT,75% DCM,39% 
(229) 
1. Tf20 
2. Collidine, allylbenzyl ether 
• No reaction 
• 
(228) 
(230) 
Scheme 124: Synthesis of a new precursor for intermolecular cycloaddition 
reaction. 
2.1.2.2 Intramolecular cycloaddition reaction 
Bicyclo[3.2.0]heptan-6-one (231) was chosen as target to test the intramolecular 
cycloaddition in solution phase. Suitable disconnections showed that substrate (232) 
could be a potential precursor to (231) (Scheme 125). 
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eN 0 
jD cl d 0 (231) (232) 
Scheme 125: Precursor to the intramolecular cycloaddition. 
The synthesis of precursor (232) was straightforward. Treatment of 6-heptenoic 
acid with oxalyl chloride in the presence of DMF afforded 6-heptenoyl chloride. This 
was readily reacted with (225), obtained from (S)-(+)-prolinol as outlined in Scheme 
121, to afford (232) in 64% yield as a colourless oil (Scheme 126). 
o 
HO~ 
(COCl)2 
DMF (cat.) 
• 
DCM,rt 
(225) ) 
--____ • 0 
DCM,rt d 
64% ~ ~ 
o 
CI~ 
o 
(232) 
Scheme 126: Synthesis of (232), precursor to (231). 
(232) Was then subjected to intramolecular cycloaddition reaction conditions. 102 
A mixture of (232) and collidine were heated to reflux in DCM. A solution of Tf20 in 
DCM was then slowly added and the reaction mixture refluxed overnight. NaHC03 
(aq.) was added and (231) was isolated as yellow oil in 20% yield after hydrolysis 
(Scheme 127). The structure was confirmed by comparison with the reported NMR 
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data. 103 A poor 6% e.e. was calculated by comparing a measured [U]D (+ 8.0) to the 
one reported 1 04 (+ 129). 
eN 0 CF3S03 1. Col\idine C(N=<Q 2. Tf20 ) DC M, reflux 
BnO / 
(232) BnO 
(231) 
Scheme 127: Solution phase synthesis ofbicyc1o[3.2.0]heptan-6-one (231). 
Since the solution phase experiment was successful, our studies then turned 
towards the application of this reaction on solid support. 
2.1.3 Development of the intramolecular cycloaddition on solid 
support 
2.1.3.1 Attachment to the resin and cycloaddition 
Studies of an intramolecular version of the [2+2] cycIoaddition on solid phase 
required the synthesis of a substrate resembling (232), with the exception that the 
hydroxyl group would have to be free of any protecting group for its attachment to 
Merrifield resin. A simple way to obtain such a compound was to react 6-heptanoyl 
chloride, obtained from 6-heptanoic acid, with (S)-(+)-prolinol in the presence of Et3N 
and DMAP at room temperature (Scheme 128). During the course of the reaction, 
formation of the ester derivative (233) was observed. The desired amide (234) was 
only isolated in 40% yield where its corresponding ester was obtained in 60% yield. 
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o 
o I. (COC1)z, DMF (cat.) (234),40% 
HO~ 2. (S)-(+)-prolinol, Et3N, DMAP + 
DCM,rt 
(233),60% 
Scheme 128: Precursor to the solid phase studies. 
Since it seemed the formation of the ester was more facile than the amide at 
room temperature, the reaction mixture was cooled down to O°C and 6-heptanoyl 
chloride was slowly added to a solution of (S)-(+)-prolinol in DCM. The formation of 
both products was monitored by thin layer chromatography (TLC) to control the 
formation of (233). After purification by column chromatography, amide (234) was 
isolated in 85% yield. 
(234) Was then coupled to Merrifield resin (loading 1.34 mmol Cllg, 1% DVB, 
Novabiochem). The alkoxide of (234) was formed at O°C using KH as base and added 
to a solution of the resin in DMF at O°C (Scheme 129). The reaction mixture was then 
heated at 80°C for three days.!05 The resin-bound reagent (235) was then washed with 
different solvents and dried under vacunm at high temperature (50°C). Analysis by IR 
revealed a peak at 1638 cm'!, which corresponded to the amide functional group. The 
loading was calculated at 60%. This value was obtained by comparing the number of 
moles of unreacted starting material recovered after reaction to the value introduced at 
the start of the reaction (all loadings reported subsequently were obtained via the 
same mode of calculation). 
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(234) 
G{ j \, 
18-crown-6 
• 
DMF,80°C ! 
d 
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eN 0 KH 
THF,O°C 
+ -) 
K 0 
o 
(235) 
Scheme 129: Attachment of (234) to Merrifield resin. 
The resin-bound compound (235) was reacted with Tf20 in the presence of 
coIlidine under the conditions described previously (see page 105). The resulting resin 
(236) was washed with several solvents and dried under vacuum at 50°C. Analysis of 
resin (236) by IR revealed a peak at 1735 cm-I, which corresponded to the cyclic 
iminium salt (Scheme 130). 
! 
d 
o 
(235) 
I. Collidine 
2. Tf20 
• 
DCM, reflux 
(236) 
v= 1735 cm-1 
Scheme 130: Formation of the keteniminium salt on solid support. 
(236) Was then hydrolysed in a \:1 mixture of DC M and NaHC03 (aq.). After 
20 hours reflux, the resin was filtered and the resulting solution washed with water. 
The combined organic phases were concentrated under vacuum providing 
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cyclobutanone (231) as only product. No further purification was needed. The yield 
obtained on solid phase was equivalent to the one in solution phase (Scheme 131). 
C(~~ 
I J (236) (231),22% 
NaHC03 (aq.), DCM 
• oJ=O 
cl 
J 
(218) 
Scheme 131: Synthesis of (231) by solid phase chemistry. 
2.1.3.2 Optimisation o/the reaction conditions 
The solid phase synthesis of bicyclic compound (231) was successful. The yield 
was quite low but identical to the solution phase study. 
In order to get better results, differe!lt parameters could be changed: 
1) A bulkier base such as 2,6-di-tert-butyl-4-methylpyridine can replace coIIidine. 
2) 1,2-Dichloroethane (DCE) or toluene can be used in place of dichloromethane. 
3) The amount of reagents can be varied. 
4) The type of resin can be varied. 
These results are summarised in Table 13. 
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Mole 
Entry Base Solvent equivalent of Yield % (Solution phase) 
Tf20 and base 
la Collidine DCM 3 22 (20) 
2a 2,6-di-tert-butyl-4- DCM 3 7 (50) 
methylpyridine 
3a Collidine DCE 3 0(20) 
4b Collidine Toluene 3 0 
5 Collidine DCM 10 13 
6 Collidine DCM 1.2 42 
7c Collidine DCM 1.2 37 
8d Collidine DCM 1.2 0 
, Reaction studied in solution phase. b New reagents used. C Wang bromo resin used. a 
Tentagel resin used. 
Table 13: Optimisation of the solid phase cycloaddition reaction. 
Replacement of collidine with 2,6-di-tert-butyl-4-methylpyridine99 was first 
studied in solution phase. The result obtained was largely satisfactory since (231) was 
obtained in 50% yield. Nevertheless, when the base was applied on solid phase, a 
dramatic drop in yield was observed (entry 2). The bulkiness of the base and its 
limited interaction into the resin matrix with the resin-bound substrate might explain 
this result. 
The utilisation of different solvents, and therefore the increase in temperature 
during the reaction, was then considered. Both DCE and toluene possess a boiling 
point higher than DCM (DCM 40°C<DCE 83°C<Toluene 111°C). DCE gave a poor 
yield when the chemistry was attempted in solution phase (entry 3) but no reaction on 
solid support was observed. Toluene was as unsuccessful as DCE. In both cases, the 
resulting resins recovered were dark in colour (when starting they were white), which 
might be due to the degradation of the resin at high temperature. 
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One important feature of SPOS is that excesses of reagents could be used to 
drive the reaction to completion and washed away after reaction leaving only the 
support-bound product. Using this consideration, a large excess of both Tf20 and 
collidine was added for the formation of (229). In our hands, the opposite effect was 
observed as the yield obtained was lower than when using only 3 eq. of reagents 
(entry 5). Nevertheless, when only a slight excess of reagent was applied to the 
reaction, the isolated yield of product almost doubled compared to the best result 
obtained so far (entry 6 vs entry 1). 
Finally, the effect of other solid supports than Merrifield resin was investigated. The 
reaction was first tested with Wang resin (loading 1.1 mmol/g, 1% DVB, 
Novabiochem), which is composed of a p-methoxybenzyl linker attached to the 
Merrifield resin (Fig IS). 
bromo functionalised 
Merrifield resin 
\~--~---~) Y 
p-methoxybenzyl 
linker 
Fig 15: Structure of Wang resin. 
(234) Was attached to the Wang reSIn III 65% loading. The resin-bound 
substrate was treated with Tf20 and collidine to form the resin-bound keteniminium 
salt. FTIR analysis showed clearly a peak at 1734 cm· l corresponding to the iminium 
salt. After hydrolysis, (231) was isolated in 37% yield, which was slightly less than 
obtained with Merrifield resin (Scheme 132). 
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eN 0 
eN 0 I. KH, DMF, O°C ; • 
H) 2. 18-crown-6, Wang resin DMF,O°C (237) 
(234) 
W 
-
CF3S03 
I. Collidine C(~=<o 
o)D 2. Tf20 NaHC03 (aq.) • cl • 
DCM, reflux DCM, reflux (238) (231),37% 
w 
Scheme 132: CycJoaddition reaction on Wang resin. 
The next resin utilised was the NovaSyn® Tentagel bromo resin (loading 0.4 mmol/g, 
Novabiochem), a composite of low cross-linked polystyrene and 3000-4000 M.W. 
polyethylene glycol (PEG), in which the the free end of the PEG chain is bromo 
functionalised (Fig 16). 
~O~O~Br 
'----------v---
PEG 
Fig 16: Tentagel resin. 
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Two equivalents of starting substrate (234) were coupled to the resin in order to 
get a loading as high as possible (since the resin has a maximwn loading of 0.4 
mmol/g). After 3 days reaction, quantitative loading was obtained. After 
cycloaddition and hydrolysis, no cycloadduct was isolated from the reaction. No 
explanation was found in order to explain this failure although the resin did not swell 
well in organic solvents (Scheme 133). 
CN 0 
H~ 
(234) 
1. Collidine 
2. Tf20 
1. KH, DMF, O°C 
2. 18-crown-6, Tentagel resin 
DMF,O°C 
NaHC03 (aq.) 
CN o 
) 
~ (239) 
• 
c~==<o 
~ 
-----. No product isolated 
DCM, reflux DCM, reflux 
Q (240) 
Scheme 133: Cycloaddition reaction on Tentagel resin. 
Therefore, the best conditions found during our study were as follows: 
• CoJlidine as base. 
• 1.2 eq. ofTf20 and collidine to be added. 
• Reaction performed in DCM. 
• Merrifield resin as solid support. 
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2.1.3.3 Recycling the resin 
Another potential of our traceless approach was the possibility of recycling the 
resin bound (S)-( + )-prolinol for further cycloaddition reactions. Resin (218) obtained 
after hydrolysis of (236) (Table 13, entry 6) was re-acylated and subjected to [2+2] 
cycloaddition conditions. Cyclobutanone (231) was isolated this time aroundin 20% 
yield (Scheme 134). The cycloaddition reactions using the resulting resin could not be 
attempted a third time since most of it was spilled on the bench during manipulation. 
0 
CNH CI~ CN 0 Et3NIDMAP 
cl DCM, rt j 
J J (235) 
(218) 
I. Collidine 
2. Tf20 
0;=0 3. NaHC03 (aq.) • DCM, reflux 
20% (231) 
Scheme 134: Recycling the resin. 
Having optimised the reaction conditions and demonstrated the possibility for 
the resin to be recycled for one more cycle, the syntheses of several other derivatives 
on solid support were studied. 
- 114-
Results and discussion 
2.1.4 Synthesis of bicyclic ketone derivatives 
2.1.4.1 Syntheses a/the amide precursors 
Several potential targets, containing different ring sizes and heteroatoms, were 
selected (Table 14). Some of the acid or ester precursors needed for coupling with (S)-
(+ )-prolinol were commercially available, while some other substrates have been 
synthesised using literature procedure. 
Ring size Products 
5 ~o ~o bo 
6 0==\0 Ao Ts 
8 8 0 
9 CAa 
Table 14: Potential bicyclic ketone targets. 
2.1.4.1.1 Long chain acids 
Five and nine membered ring precursors were commercially available and were 
therefore transformed into their corresponding acid chlorides by reacting respectively 
6-heptenoic acid and 10-undecenoic acid with oxalyl chloride in the presence of 
DMF. Addition of the acid chlorides to a solution of (S)-(+)-prolinol, Et3N and 
DMAP afforded the corresponding amides (135). 
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9-Decenoic acid was obtained by oxidation of 9-decenol with a mixture of 
chromium(VI)oxide and sulphuric acid (Jones's reagent) in acetone.106 The yield of 
the reaction was moderate. The resulting acid was converted to the acid chloride and 
reacted with (S)-(+)-proIinol to yield the resin precursor ofbicyclo[6.2.0]decan-9-one, 
the 8-membered ring bicyclic ketone derivative (Scheme 136) . 
HO 
• 
DCM Hj 
(234), n = 4, 85% 
(241), n = 8, 82% 
Scheme 135: 5 and 9 membered ring precursors. 
I. (COC1}z, DMF 
2. (S)-(+)-prolinol, Et3N, 
DMAP 
• 
DCM,58% 
• 
Acetone, 49% 
(242) 
o 
HO 
decen-9-oic acid 
(Ao 
Scheme 136: Towards the 8-membered ring substrate. 
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2.1.4.1.2 (Alkenyloxy)acetic acid precursors 
Acid derivatives such as (243) were obtained by reacting alcohol substrates with 
NaH followed by addition of bromoacetic acid to the resulting mixture. 107• Acids 
(243) and (244) were isolated in 68% and 53% yield respectively. Reaction of the 
corresponding acid chlorides with (S)-(+)-prolinol afforded the desired amides in 
satisfactory yields (Scheme 137). 
I. NaH, GOC 
~aH 
2. Bromoacetic acid, rt 
• ~a~aH 
THF 
I. (COCI)z, DMF 
2. (S)-(+)-prolinol, Et3N, 
DMAP 
• 
DCM HI (245), n = 1,56% 
(246), n = 2, 60% 
a 
(243), n = 1, 68% 
(244), n = 2, 53% 
(Aa 
n=1 
CAa 
n=2 
Scheme 137: Amide precursors to 5 and 6 membered ring bicyclic ketones 
containing an oxygen atom. 
2.1.4.1.3 Amine derivatives 
The synthesis of amine containing acid precursors began with the protection of 
glycine methyl ester with tosyl chloride (Ts-Cl). The reaction was first performed in 
DCM. The lack of solubility of this amino-ester, which was used as its hydrochloride 
salt, lead to a poor yield of the desired protected substrate (about 3%). This issue was 
overcome by changing the solvent system to a 2: 1 mixture of water and 
tetrahydrofuran, in which the amino-ester was more soluble, and leaving the reaction 
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for a short period of time thereby avoiding hydrolysis of tosyl chloride (Scheme 
138).108a 
• 
H20/THF (2:1) 
85% 
Scheme 138: Protection of glycine methyl ester. 
(247) Was then coupled with (S)-(+)-prolinol in the presence of few drops of 
sulphuric acid as catalyst affording amide (248) in high yield (Scheme 139).109 
Nevertheless, attempted alkylation of sulfonamide (248) proceeded poorly despite 
having used a strong base such as NaIl 
(248) 
1. NaH, QOC 
2. Bromopentene, rt 
(248) 
THF,3% 
o (S)-(+)-prolinol 
H2S04 (few drops) 
• CN~~'TS 
THF, reflux 
93% 
1. Et3N 
2. Bromopentene 
H) (248) 
-----... No reaction 
DCM 
o 
C ~~~~ N M3 ~ 
HcI (249) 
Scheme 139: Reaction of (242) with (S)-(+)-prolinol and further alkylation 
reactions. 
The protected glycine methyl ester (247) was subjected to an alkylation reaction 
(Scheme 140). Nature of the base, the temperature and the reaction time were varied 
(Table 15). 
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Entry 
I 
2 
3 
4 
5 
6 
1. Base 
/'-L v Br 2. -:/ \'1" INI(Bu)4 
THF 
Scheme 140: Alkylation of (247). 
n Base Temperature Time (hours) 
3 (252) rt 24 
3 (252) rt 48 
3 (252) rt 72 
3 NaH rt 24 
2 NaH Reflux 3 
3 NaH Reflux 3 
Results and discussion 
(250), n = 2 
(251), n = 3 
Yield (%) 
20 
33 
32 
No reaction 
49 
69 
Table 15: Different attempts at alkylation of (247). 
The used of a polymer-bound base (252) was investigated (Fig 17). (247) Was 
reacted with (252) and bromopentene in the presence of BU4NI for 24 hours affording 
the corresponding alkylated product (251) in 20% yield (entry 1). A slight increase in 
the yield was observed after 48 hours reaction (entry 2), while leaving the reaction for 
a longer time proved to be less efficient (entry 3). 
(252) 
Fig 17: Polymer-bound base (252). 
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Using NaH turned out to be less effective when the reaction was performed at 
room temperature (entry 4). Nevertheless, heating the mixture to reflux reduced the 
reaction time considerably and afforded the desired targets in moderate (entry 5) to 
good yields (entry 6).109 
Using the same methodology as mentioned previously (see Scheme 139), the 
desired amide precursors were isolated in good yields. Long reaction times were 
needed to obtain such results (48 hours for (253) and 72 hours for (249) respectively) 
(Scheme 141). 
Ts ""'-0 
0)~ 
"/ nn 0 
(250), n = 2 
(251), n = 3 
(S)-(+)-prolinol R 
H2S04 (few drop~ CN~~~ 
THF, reflux 
(253), n = 2, 67% 
(249), n = 3, 70% 
Scheme 141: Amide precursors for resin coupling. 
~o 
n=2 
~o Ts 
n=3 
2.1.4.2 Attachment to Merrifield resin and subsequent cycloaddition 
reactions 
Amides (241), (242), (245), (246), (249) and (253) were attached to Merrifield 
resin (Scheme 142) according to the conditions described previously (see Scheme 
129). Allloadings are reported in Table 16. 
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Using NaH turned out to be less effective when the reaction was performed at 
room temperature (entry 4). Nevertheless, heating the mixture to reflux reduced the 
reaction time considerably and afforded the desired targets in moderate (entry 5) to 
good yields (entry 6).109 
Using the same methodology as mentioned previously (see Scheme 139), the 
desired amide precursors were isolated in good yields. Long reaction times were 
needed to obtain such results (48 hours for (253) and 72 hours for (249) respectively) 
(Scheme 141). 
Ts ""0 (S)-(+)-prolinol R 
I I H2S04 (few drops.) CN~~~n '-'::: 
~N~O --------
THF, reflux 
(250), n = 2 
(251), n = 3 
(253), n = 2, 67% 
(249), n = 3, 70% 
Scheme 141: Amide precursors for resin coupling. 
Q=\o 
n=2 
~o Ts 
n=3 
2.1.4.2 Attachment to Merrijield resin and subsequent cycloaddition 
reactions 
We attempted to couple all amide precursors with Merrifield resin before 
subjecting the resins to cyc1oaddition reaction (Scheme 142). The amides were 
attached to the resin according to the conditions described previously (see Scheme 
129). A11loadings are reported in Table 16. 
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o 
I. KH, THF, O°C • CN~X~ 
2. Merrifield's resin, DMF 
80°C, 3 days j 
d 
Scheme 142: Coupling of amides to Merrifield resin. 
Resin X,n Precursor Loading (%) 
(254) X=C,n=5 (242) 42 
(255) X=C,n=6 (241) 52 
(256) X=O,n=2 (245) 62 
(257) X=O,n=3 (246) 92 
(258) X=N,n=2 (253) 85 
(259) X=N,n=3 (249) 82 
Table 16: Loading of all amides onto Merrifield resin. 
Formation of the keteniminium salts was attempted by addition of a solution of 
Tf20 to a refluxing mixture of the resin-bound ami des and collidine. Our previously 
optimised conditions, described in section 2.1.3.2, were used for all the experiments 
(Scheme 143). 
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1. Collidine 
2. Tf20 
• 
DCM, reflux 
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(260), X = C, n = 4 
(261), X = C, n = 5 
(262), X = 0, n = 1 
(263), X = 0, n = 2 
(264), X=N, n= 1 
(265), X =N, n = 2 
Scheme 143: Formation of the keteniminium salts on resin. 
The resin-bound keteniminium salts were then hydrolysed in a 1: I mixture of 
DCM and NaHC03 (aq.) under reflux for 24 hours. Despite having performed the 
cycloadditions under optimised conditions, no traces of any cycloadducts were 
observed. The need of a dilute system to form large membered rings such as 
bicyclo[6.2.0]decan-9-one (8-membered ring) or bicyclo[7.2.0]undecan-l0-one (9-
membered ring) might be responsible for their non-formations. 5- And 6-membered 
ring formations, which seemed favourable in such conditions, did not lead to any 
bicyclic ketones. 
2.1.5 Conclusion 
The synthesis of cyclobutanone derivatives on solid phase was partly successful. 
The intermolecular version of the reaction failed to produce any cycloadducts (see 
Scheme 122, Table 12), even though the nature of the linker was changed for one 
expected to be less hindered (see Scheme 123). On the other hand, the intramolecular 
cycloaddition reaction was brought onto solid support after successful synthesis of 
cyclobutanone (231) in solution phase (see Scheme 127). Optimisation (see Table 13) 
allowed the yield to be doubled (up to 42% yield) and the resulting polymer-bound 
linker was recycled for further cycloadditions (see Scheme 134) in lower yield (20% 
in the second reaction sequence). 
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Several precursors for intramolecular cycloaddition were synthesised and 
isolated onto Merrifield resin (see Scheme 142). After being subjected to 
cycloaddition conditions, none was found to lead to the desired cyclic compounds. 
Due to the lack of success in the study regarding our approach for the solid 
phase-synthesis of cyclobutanone derivatives, a second project was envisaged. It 
involved the enantioselective Birch reduction-alkylation of non-racemic 3-substituted 
isoindolinones, which could lead to a new pathway towards the synthesis of the basic 
skeleton of some cytochalasans. 
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2.2 INVESTIGATION INTO THE DEAROMATISATION OF THE 
ISOINDOLINONE RING SYSTEM: A NOVEL APPROACH TOWARDS 
THE CYTOCHALASAN RING SYSTEM 
2.2.1 Introduction 
Structurally, cytochalasans can be characterised by the presence of a saturated 
isoindolinone unit fused to a macrocyclic ring, which can be either a lactone, a 
carbonate or a carbocycle. Our approach towards the basic skeleton of cytochalasan 
will involved synthesis of non-racemic 3-substituted isoindolinones followed by Birch 
reduction-alkylation (Fig 18). 
2.2.1.1 
=~> ~NH ~ Rl ===:; H2NyPh ;> ~ + HO ~OH ~R o 
Fig 18: Retrosynthetic pathway towards the basic skeleton found in 
cytochalasan. 
Structural characteristics and biological relevance of cytochalasans 
The cytochalasans constitute a group of fungal metabolites, which exhibit a 
wide range of biological activities. For example, cytochalasins A and B inhibit 
glucose transport, while cytochalasin E appears to be devoid of such activity. 
Additionally, cytochalasin B retards actin formation while cytochalasin D inhibits 
RNA and protein synthesis (Fig 19).110 Lactam (260) was identified as a potent HIV-l 
protease inhibitor and was considered for a potential treatment of HIV infected 
individuals (Fig 20).110 
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o .. ,,,,,It OH 
o 
Cytochalasin A Cytochalasin B 
Cytochalasin D Cytochalasin E 
Fig 19: Some naturally occurring cytochalasans. 
""'Me 
(260) 
Fig 20: Novel cytochalasan with HIV-l protease inhibitor activity. 
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2.2.1.2 Previous syntheses of cytochalasans and theirs skeletons 
The Diels-Alder reaction has been a popular route for the construction of the 
isoindolinone unit. Stork et at have described 111 the total synthesis of cytochalasin B 
by reacting triene (261) with pyrrolone (262). Advanced intermediate (263) was 
isolated in 40% yield (Scheme 143). 
(261) 
(263) 
M/l- H 
\, 
H OAc +Ph~O 
H I 
Ac 
(262) 
• 
Xylene 
• 
170°C, 4 days 
• 
Cytochalasin B 
Scheme 143: Intermolecular Diels-Alder towards cytochalasin B. 
Hungate et at have also used llO an intermolecular Diels-Alder reaction for the 
construction of the basic skeleton found in the cytochalasin class of natural products 
(Scheme 144). 
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OBn BnO" 
-:?' ~~ Toluene m~ + R1 '-':: reflux R1 i 
0 Me 0 
• 
Scheme 144: Synthesis ofthe basic skeleton found in the cytochalasin class of 
natural product. 
Thomas et al have producedll2•115 several papers on the total synthesis of 
cytochalasan derivatives. An intramolecular Diels-Alder cycloaddition has been 
utilised in each of these syntheses to obtain the saturated isoindolinone ring system. 
For instance, construction of cytochalasin GIl2• has been achieved via intramolecular 
Diels-Alder reaction of substrate (264) to form the II-membered ring compound 
(265). Further chemical transformations afforded cytochalasin G (Scheme 145). 
An alternative route to cytochalasin G has been described1l2b as well as routes 
towards cytochalasin H, 113 Dl14 and other naturally occurring cytochalasans. 115 
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'::::: 
/-
Toluene 
• 
'" 80°C 
H 
-
N 
OAph N OAph 
(264) (265) 
0 
I. % HCI (aq.), THF 
2. m-CPBA 
• 0 
3. NaOH, MeOH """ 
H 
-
N 
H 
Cytochalasin G 
Scheme 145: Total synthesis of cytochalasin G: construction of the saturated 
isoindolinone unit. 
2.2.1.3 Towards non-racemic 3 substituted isoindolinones 
Our research group has been involved in the development of an enantioselective 
approach towards substituted isoindolinones.116 Two reaction pathways have been 
considered as outlined in Scheme 146. Pathway A involved addition of carbon 
nucleophiles to introduce the 3-alkyl substituent and pathway B required a source of 
hydride, with the alkyl group present in the substrate. 
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A 
/ R=H 
Carbon nuc1eophile 
B ,,~---------
R = alkyl 
Hydride 
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er;o rOH I N\""H / Ph 
H Nu 
C90 rOH I N\""H / Ph R H 
Scheme 146: Constrnction of the isoindolinone ring system. 
The starting material necessary in both cases was a tricyclic lactarn, which has 
been prepared stereo selectively from commercially available chemicals. 
2.2.1.3.1 Synthesis of y-tricyclic lactarns 
The isoindolinone-containing tricyclic lactarns (266) were reported by Allin and 
Northfield.1l6a The condensation reaction of 2-formylbenzoic acid and some common 
amino alcohols (Scheme 147) proceeds in a high yielding and highly 
diastereoselective manner. Only one diastereoisomer of the product tricyclic lactarn 
was observed in each case, with the protons at positions 2 and 5 adopting a trans 
configuration relative to one another. 
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~.O'NjH""R ~5 
1-( 0 
(266) major 
a, R=Ph 
b, R = i-Pr 
c, R= CH2Ph 
+ 
Results and discussion 
Toluene, reflux 
(267) minor 
(unobserved) 
Scheme 147: Synthesis ofisoindolinone-containing tricyclic lactams. 
An aminal substituent could be introduced to the tricyclic lactam in the 
condensation step by an acylbenzoic acid (Scheme 148),1I6b 
~OH 
~O 
R 
Toluene, reflux 
(269b), R = Ph, 98% 
(268b), R = CH3, 85% 
Scheme 148: Lactam with aminal substituents. 
The proposed mechanism, which explains the stereochemical outcome of the 
reaction, involves initial formatiou of a hydroxyimine/oxazolidine intermediate 
(Scheme 149),116. 
Reversible cyclisation of the hydroxyimine could produce both the Irans 
oxazolidine and the cis oxazolidine. Ring closure of the frans intermediate with loss 
of water yields the lrans tricyclic lactam product, while cyclisation to the cis lactam 
product seems to be disfavoured because of steric hindrance. 
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+ 
Irans oxazolidine cis oxazolidine 
-H20 
Major frans isomer Minor cis isomer 
Scheme 149: Mechanism offormation of the tricyclic lactams. 
2.2.1.3.2 Ring opening of the y-tricyclic lactams 
AIIin et al probedl16c the synthetic utility of these tricycIic lactams was probed 
by subjecting lactam (266a) to an intermolecular amidoalkylation reaction with allyl 
trimethylsilane (aIIyl-TMS) (Scheme 150). It was envisaged that (266a) would act as 
an N-acyIiminium ion precursor generating the 3-substituted isoindolinones (270) 
when titanium tetrachloride (TiCI4) was used as the Lewis acid activator in 
conjunction with aIIyl-TMS. This was found to be the case and the 3-aIIyl species 
were formed with only a poor diastereoisomer ratio of 1: 1 (270a:270b), but in a high 
yield of 86% (Scheme 150). 
-131 -
(266a) 
TiCI4, allyl-TMS 
.. 
DCM, -7SoC 
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(270a) 
+ 
ceo rOH I N,'''H /- \ Ph 
J 
(270b) 
Scheme 150: Ring opening of the lactam with allyltrimethylsilane. 
TMSOTf was found to give the best results with the diastereoselectivity 
increasing to 2:1 in favour of (270a) in a yield of90%. 
Allin et al envisaged1l6b an alternative, yet complimentary, approach to non-
racemic 3-substituted isoindolinones (Scheme 146, path B). Tricyc1ic lactams (268b) 
and (269b) were treated with TiCl4 at -78°C followed by addition of trimethylsilane 
(Et3SiH) (Scheme 151). The products were obtained with a high level of 
diastereose1ectivity (>98:2) and in high yield (:?c 90%). 
1. TiCl4 
2. Et3SiH 
... 
DCM,-78°C 
~ r=0H ~N\~"Ph 
H R 
(271b), R = Me, 99% 
(272b), R = Ph, 90% 
Scheme 151: Diastereoselective ring opening with triethylsilane. 
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The diastereoselectivity observed in this reaction has been rationalised by the 
conformational models presented in Fig 21. 116b The steric effect provided by the bulky 
substituent (R = Me or Ph) was sufficient to favour one intermediate, which leads to 
retention at the new asymmetric centre. Moreover, this conformation may place the 
Lewis acid-complexed oxymethyl substituent in a suitable orientation for chelation to 
the amide oxygen atom (Fig 19). 
• 
H H I R ..... ". 
0)0 r=:0H I . N,""Ph h. H 
H k 
Fig 21: Rationalisation of the diastereoselectivity observed in the reaction. 
2.2.1.3.3 Removal of the phenylglycinol template 
Removal of the phenylglycinol template has been studied by Allin et al1l6d to 
access 2H-isoindolin-l-one structures, without loss of stereochemical integrity. 
Subjecting (270a) to a 3-step deprotection protocol developed by Vemon and Fains l18 
(namely mesylation, elimination and hydrolysis) furnished the isoindolinone (275) in 
33% e.e. (by chiral HPLC experiments). The procedure is illustrated in Scheme 152. 
- 133 -
---
(270a) 
33% d.e. 
NaOEt 
• 
EtOH 
0 
N-{ 
Ph 
---
(274) 
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.. 
---
(273) 
0 
3MHCI 
• NH 
EtOHIH2O 
80°C 
---
(275) 
33% e.e. 
Scheme 152: Deprotection of substrate (270a). 
Allin et al applied the same procedure to gain access to the enantiopure (278a) 
obtained from N-substituted isoindolinone (271a) (Scheme 153).116d 
cC° rOH CH3S02Cl I N-\,,"H • ~ \ Ph NEt3 
tH3 
(271a) 
0 0 
NaOEt cCN-<h 3MHCl cCNH • .. EtOH EtOHlH2O 
te 80°C 
~ 
Me 
(277) (278a) 
96% e.e. 
Scheme 153: Deprotection of (271a). 
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However, Allin et al observed complete racemisation when applying this 
method on substrate (272b). A novel strategy for removal of the chiral phenylglycinol 
auxiliary of 3-phenyl substituted species (272b) (Scheme 154) involving the use of 
concentrated sulphuric acid was developed. 1l6d This procedure furnished the desired 
target (279b) in 42% yield and 65% e.e. upon heating a mixture of (272b) in 
concentrated H2S04 in a water bath for 30 minutes. 
cqo rOH I N--\,'H h Ph 
Ph 
_1._c_o_n_c._H_2_S_0-l~~ ~'" 
2. H20 ~ 
Ph 
(272b) (279b) 
Scheme 154: Deprotection of substrate (272b). 
Additional studies involving the measurement of yields and e. e. ' s of the target 
molecule (279b) fonned from (272b) (via the procedure outlined above) as a function 
of time were carried out (Table 17). It was found that leaving substrate (272b) for a 
short period of time in H2S04 allowed isolation of (279b) with greater yield (74%) 
and e.e. (96%).1l6d 
Time/min Yield (%) e.e. a 
30 42 65 
16 65 68 
11 64 77 
6 71 85 
2 74 96 
a Determined by chiral HPLC 
Table 17: Additional studies for the deprotection of (272b). 
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2.2.2 Results and discussions 
2.2.2.1 Tricyclic Lactam synthesis 
We synthesised tricyclic lactams (268) and (269a) according to the literature 
procedurey6b In general, the amino alcohol (1 eq.) and the acylbenzoic acid (1.2 eq.) 
were heated at reflux under Dean-Stark conditions in toluene for 24 hours (Scheme 
155). As reported, only one diastereomer of the product was observed by 250 MHz 
IH-NMR spectroscopy. 
~OH 
~O 
R 
Toluene, reflux 
o 
0;1'" 
R 0 
268, R=Me 
269a, R= Ph 
Scheme 155: Synthesis of the desired lactams. 
We isolated tricyclic lactam (268) using both (R)- and (S)-phenylglycinol giving 
rise to both isomers (Table 18). Phenylglycinol was obtained from the reduction of 
phenyl glycine with lithium borohydride (LiBH4) in the presence of trimethylsilyl 
chloride (TMS-CI) (Scheme 156).ll7 
Entry Amino alcohol R Yield (%) Product Diastereoselectivity 
1 (R)-phenylglycinol Me 91 268a exclusive 
2 (S)-phenylglycinol Me 84 268b exclusive 
3 (R)-phenylglycinol Ph 94 269a exclusive 
Table 18: Synthesis of the desired Iactams. 
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LiBH4, TMS-CI 
• 
THF 
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Ph 
h 
H2N OH 
(R)-phenylglycinol, 75% 
(SJ-phenylglycinol, 77% 
Scheme 156: Reduction of phenylglycine to phenylglycinol. 
Ring opening of the tricyclic lactams 
Using literature procedures, 116b we subjected tricyclic lactams (268) and (269a) 
to a ring opening reaction. Chelation ofTiCl4 to the oxygen present in the oxazolidine 
results in ring opening and to the formation of an N-acyliminium ion intermediate. 
Addition of Et3SiH affords the desired isoindolinones (Scheme 157). As reported, the 
yields and the diastereoselectivity (as determined by 250 MHz IH-NMR 
spectroscopy) were high in all cases (Table 19). 
~"f~ 
R 0 
268,R=Me 
269a, R= Ph 
I. TiCl4 
2. Et3SiH ~N--r-°H ~ Ph 
R 
271, R=Me 
272a, R= Ph 
Scheme 157: Formation of 3-substituted isoindolinones. 
Substrate R Yield (%) Product d.r. 
268a (3R)-Me 91 271a > 98:2 
268b (3S)-Me 74 271b > 98:2 
269a (3R)-Ph 78 272a > 98:2 
Table 19: Ring opening of the y-tricyclic lactams. 
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2.2.2.3 Removal o/the Phenylglycinol template 
When we applied Vernon's methodology1l8 to our isoindolinones (271a) (see 
Scheme 153), the 2H-isoindolin-I-one (279a) was obtained with poor yield (up to 
33%) and as a racemic mixture (as determined by chiral HPLC). Time studies showed 
higher e.e.'s could be obtained as the hydrolysis period was shortered (Table 20). 
Hydrolysis (hours) 
4 
3 
2 
I 
e.e. readingsa (%) 
o 
o 
33 
52 
, As determined by chiral HPLC 
Table 20: Time studies in the hydrolysis step. 
We also found that performing the extraction of the crude product from the HCl 
phase with ethyl acetate (EtOAc) instead of DCM slightly improved the yield of 
(27Sa) (up to 52% instead of 33%). 
As shown in Scheme 158, formation of an iminium intermediate accompanied 
by removal of the proton at C(3) by the enamine double bond could produce an anion 
at C(3). This could be delocalised involving loss of the stereochemical integrity at 
C(3) to produce a racemic mixture. 
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cq~"---~: 
Me Me 
• 
cv ~ Ph :/ ~ ~=< ~ Me H'" Me • • 
cqo Me I ~d /- Ph H 0:$" 
Me Me 
Scheme 158: Loss of stereochemical integrity at C(3). 
We then applied the conc. H2S04 method1l6d for the deprotection of (271a). In 
general, (271a) in solution in DCM was added to conc. H2S04 at 90°C and the 
mixture stirred for 2 minutes. The reaction mixture was then cooled down rapidly 
using an ice-bath and poured into cold water. Extraction was performed using EtOAc 
and the crude product purified by flash column chromatography affording a white 
solid (278a) in up to 30% yield. Analysis by HPLC showed that no racemisation has 
occurred and that the substrate was obtained with high e.e. (~ 95%). 
The mechanism involved the formation of the enamine intermediate (277) 
(Scheme 159). Nevertheless, since the reaction time was really short, racemisation did 
not occur. Leaving the reaction longer would probably lead to a racemic mixture (see 
Table 17). 
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H+ 
---:-70-+--- ojO)~ 
~e 
(271a) (277) 
• 
(278a) 
Scheme 159: Deprotection of (271a) using cone. H2S04 method. 
Application of the method on substrate (271 b) gave us the enantiomer of 
(278a), (278b), in poor yield (24%) but in high e.e. (<: 95%) (Scheme 160). 
~o rOH I N\"H ,/. Ph 
Me 
(271b) 
cc$, 
Me 
(278b) 
99% e.e. 
Scheme 160: Deprotection of (271b) using cone. H2S04. 
The phenyl glycinol template was also removed from (272a) (Scheme 161) 
affording an unprotected substrate in a lower yield (20%) and a lower e. e. (66%). The 
deprotection of (272a) was perfonned only once, with a longer reaction time (about 
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15 minutes) and before applying the reaction on (271a). Repeating the reaction in a 
shorter reaction time could have produced a substrate with higher e. e. value. 
2.2.2.4 
ceo rOH I . N,""H .---;;. Ph 
~h 
(272a) (279a) 
66% e.e. 
Scheme 161: Deprotection of (272a) using cone. H2S04 method. 
Protection of the amine function 
The need for a free amine function in the natural product which is cytochalasan 
has pushed us to look for a suitable protecting group towards Birch reduction-
alkylation. 
Isoindolinone (278a) was subjected to alkylation reaction. In general, sodium 
hydride (NaH) was added to (278a) and the desired alkyl halide was added to the 
reaction mixture. The solution was stirred for 3 hours at 90°C (Scheme 162). The 
results are summarised in Table 21. 
(278a) 
l.NaH 
2.R-X 
• 
Me 
(108), R= Me 
(280), R= Bn 
Scheme 162: Dialkylation of (278a). 
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Entry R-X Yield (%) Product 
1 MeI 97% (108) 
2 67% (280) 
Table 21: Alkylation of (278a). 
Yields of the desired product were moderate to high. Nevertheless, racemisation 
occurred in both cases ([a]D reading showed no rotation). Formation of a negative 
charge at C(3), followed by delocalisation onto the phenyl ring, might explain this 
phenomenon (Scheme 163). Moreover, a trace of the 3,3-dimethyl product (281) has 
been isolated confirming the negative charge at C(3). 
0 ~" 0 erjNH NaH c< • . NH ~ - ~ =----.~ 
Me Me Me 
0 0 
Me! cc!-MO' ~-M' • H2O Me 
Me Me 
(108) (281) 
Scheme 163: Formation of a negative charge at C(3). 
The uses of milder conditions were attempted. K2C03 and Et3N were utilised as 
alternative bases at room temperature but no alkylated product was isolated. 
The use of a Boc protecting group was envisaged. (278a) Was treated with Boc 
anhydride in the presence of Et3N and DMAP at room temperature (Scheme 164). The 
crude product was purified by column chromatography affording pure (282) in good 
yield and purity (as measured by HPLC). 
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(282) 
70%, 95% e.e. 
Scheme 164: Introduction of a BOC protecting group. 
Birch reduction-alkylation of simple isoindolinone ring system 
We reduced several isoindolinone substrates under Birch reduction-alkylation 
conditions.61e In general, the isoindolinones were cooled to -78°C and ammonia was 
condensed into the reaction mixture. Sodium metal was then added in pieces and after 
a few minutes of stirring, the solution turned blue. After 30 min. of stirring, the alkyl 
halide was added. After purification, the reduced compounds were isolated. 
The Birch reduction-alkylation of isoindolinone substrate (271a) was first 
attempted (Scheme 165). After reaction, a complex mixture was obtained and no 
reduced compound could be isolated from column chromatography. The presence of 
the phenylglycinol template could be responsible for the isolation of such a complex 
mixture, as the phenyl ring could itself be reduced or the phenylglycine template be 
removed. 
(271 a) 
I. LilNH3 
2. Me! 
• 
THF, _78°C 
Complex mixture 
Scheme 165: Attempted dearomatisation of isoindolinone (271a). 
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Birch reduction·alkylation of isoindolinone (108) was reported by Guo et al 
(Scheme 166).610 They found that C·methylation occurred with a 7:1 ratio in 70% 
yield, the trans isomer being the major product. 
o o:I~ 
Me 
(108) 
I. Li, NH3, t·BuOH 
THF, ·78°C 
• 
2. MeI 
Me 0 
(j5NMe + 
1e 
(109a) (283) 
Scheme 166: Birch reduction·alkylation of substrate (108).61e 
It is believed that the stereoselectivity of the methylation of the enolate 
• generated from (108) was controlled by the methyl substituent at C(3), which 
provides unusually effective shielding at the lower face of the enolate and blocks 
approach of an incoming electrophile (Fig 22). 
Fig 22: Most stable conformation ofthe enolate generated from (108) obtained 
by calculation.61e 
We subjected racemic substrate (108) to reduction to give (109a) and (283) 
which were obtained as an inseparable mixture of diastereoisomers in a 7: I ratio 
(Scheme 166). The isolated yield was moderate (43%). 
We then subjected enantiopure substrate (278a) to Birch reduction·alkylation 
conditions (Scheme 167). During the course of the reaction, N·methylation had 
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occurred, probably due to deprotonation then alkylation with the excess of reagent 
present in the reaction mixture. Analysis of the crude mixture by 250 MHz IH-NMR 
showed a 5:1 mixture of diastereoisomers (109a) and (283). Unfortunately, separation 
of the diastereoisomers was impossible to achieve and so the e. e. value could not be 
determined. 
0 
cCNH I. Li, NH3, t-BuOH Me 0 cC cE;NMe THF, _78°C • + / ,NMe ~e 2. Me! ~ ~ 30% Me Me 
(278a) (109a) (283) 
Scheme 167: Birch reduction-alkylation of isoindolinone (278a). 
Guo et at1, found that alkylation of the enolate generated from (108) with the 
bulkier benzylbromide as electrophile afforded a single diastereoisomer (109c) in 
68% yield (Scheme 168). 
o 
cq~ 
Me 
(108) 
1. Li, NH3, t-BuOH 
THF, _78°C 
• 
2. BnBr , 
Me 
(109c) 
Scheme 168: Use of benzylbromide as electrophile. 
On considering this result, (278b) (isolated in ~ 95% e.e.) was subjected to 
Birch reduction and benzylbromide was applied as the alkylating agent (Scheme 169). 
As reported,61e a single diastereoisomer was indeed observed by 250 MHz IH-NMR 
of the crude reaction mixture. After column chromatography, (284) was isolated as a 
single product in 29% yield and 42% e.e. (as determined by HPLC). 
- 145 -
cc$" 
Me 
(278b) 
1. Li, NH3, t-BuOH 
THF 
2. BnBr 
_78 cC 
• 
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Scheme 169: Dearomatisation of isoindolinone (278b). 
The isoindolinones (280) and (282) could provide access to a reduced 2H-
isoindolinone ring system, after removal of the protecting group. Further chemical 
transformations could then be undertaken on the amine function. 
The Birch reduction-alkylation of racemate (280) was problematic, since the 
benzyl protecting group was seen to be removedl19 during the course of the reaction, 
leading to N-methylated substrate (109a) (Scheme 170). 
~o --.p 1. Li, NH3, t-BuOH I N THF, _78 CC ~ . Me 2. Me! 
15% 
(280) 
Me 0 
cBNMe 
~e 
(109a) 
Scheme 170: Birch reduction-alkylation of (280). 
The carbonyl function present in the Boc group was believed to bring more 
stability to the enolate intermediate, with the lithium being able to chelate to the 
oxygens present on both the amide and the Boc group (Fig 23). 
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Fig 23: Boc group participation in enolate stability. 
With substrate (282), we weren't able to isolate any reduced compounds but a 
complex mixture (Scheme 171). This observation has not been explained yet. 
~N-( 
, 
Me 
(282) 
I. Li, NH3, t-BuOH 
THF 
------... No reaction observed 
2. Me! 
-78cC 
Scheme 171: Birch reduction-alkylation of (282). 
2.2.2.6 Towards the cytochalasan skeleton 
2.2.2.6.1 Introduction of a benzyl group at the C(3) position 
Our retrosynthetic analysis of the isoindolinone (285) reveals that the target 
compound can be made by condensation of the appropriate 2-acylbenzoic acid 
precursor and (S)-phenylglycinol (Scheme 172). Further chemical transformation 
using our tricyclic lactam ring-opening reaction followed by Birch reduction-
alkylation should provide access to the basic cytochalasan skeleton. 
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0 
~ > ~ OH + H2Nf Ph Ph HO 0 Ph Ph (285) 
Scheme 172: Towards the basic cytochalasan skeleton. 
The 2-acylbenzoic acid precursor of (285) was not commercially available, and 
was isolated via a procedure described by De Benneville. 120 Reaction of the 
appropriate dialkylcadmium reagent with phthalic anhydride followed by acid 
hydrolysis gave the ketone (286) in 58% yield (Scheme 173). 
CdCI2 
2 CH2PhMgBr .-
ODC 
1. ~o 0 
0 
"-'::: OH 
PhCH2Cd .- ~ 
"-'::: 2. Acid hydrolysis 
0 /-
(286) 
Scheme 173: Synthesis of the appropriate 2-acylbenzoic acid precursor. 
Substrate (286) and (S)-phenylglycinol were then slurried in toluene and heated 
at reflux under Dean-Stark condition for 24 hourS. 1l6b The resulting crude reaction 
mixture was analysed by 250 MHz lH-NMR showing a mixture of diastereoisomers 
in a 24:1 ratio. The major isomer (287) was isolated in 77% yield (Scheme 174). 
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0 0p 
'-'::: 
H2NyPh Toluene OH + N 0-• 
~ reflux 
Ph HO 
""'0 
0 
(286) Ij ~ 
(287) 
Scheme 174: Synthesis of the tricyclic lactam precursor. 
Lactam (287) was then subjected to ring opening reactions." 6b (287) Was 
treated with TiCI4 at -78°C and the solution stirred for half an hour. Et3SiH was then 
added to the reaction mixture and the solution stirred at room temperature for 24 
hours. The resulting crude reaction mixture was analysed by 250 MHz IH-NMR 
revealed a mixture of product of diastereoisomers in a 4: 1 ratio. The major isomer 
(288) was isolated in 46% yield (Scheme 175). 
1. TiCl4 
2. Et3SiH 
• 
DCM, -78°C 
(287) 
o 
~OH 
N. 
b 
(288) 
Scheme 175: Ring opening of tricyclic lactam (287). 
Previous studies showed that the presence of the phenylglycinol template could 
be an issue in the Birch reduction-alkylation step (see Scheme 165). The conc. H2S04 
methodl16d seemed to be the more effective method for the removal of the template 
(see section 2.2.1.3.3). 
The H2S04 method was applied on substrate (288). After addition of water and 
extraction with EtOAc, only starting material was recovered from the reaction 
mixture. Several attempts remained fruitless (Scheme 176). 
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N. 
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--_. Starting material 
Scheme 176: Removal of the template using cone. H2S04 method. 
V ernon' s methodologyl18 was then applied for removal of the template. (288) 
Was reacted with mesyl chloride in the presence of Et3N to afford substrate (289) and 
elimination then delivered enamide (290). The N-H isoindolinone (285) was isolated 
in 17% overall yield, after hydrolysis with 3M HCI (Scheme 177). HPLC experiment 
showed that the substrate was obtained with a high level of enantioselectivity (95% 
e.e.). 
(285) Was then subjected to Birch reduction-alkylation.6Ie (285) Was dissolved 
III tetrahydrofuran and ammonia was then condensed into the tetrahydrofuran 
solution. Sodium metal was added, and once the solution turned blue, it was stirred 
for half an hour at -78°C. The reaction mixture was quenched with benzyl bromide 
(Scheme 178). A complex mixture was obtained after reaction which was purified by 
column chromatography. No trace of the reduced isoindolinone was observed. 
- ISO -
Results and discussion 
0 0 
~OH ~OS02CH3 
N .. CH3S02Cl b N .. • b NEt3 85% 
~ ;; ~ ;; 
(288) (289) 
0 o 
NaOEt 3MHCl 
• • 
EtOH 
N~b 
EtOHlH2O 
100% 80°C 
35% 
~ ;; \ // 
(290) (285), 95% e. e. 
Scheme 177: Removal of the template using Vernon's methodology. 
\ // 
(285) 
o 
NH L Li, NH3, t-BuOH 
THF, _78°C 
• 
2. BnBr 
Complex mixture 
Scheme 178: Birch reduction-alkylation of (285). 
2.2.2.6.2 Dearomatisation of more substituted lactams 
The presence of substituents on the cyclohexane ring of the cytochalasan 
skeleton requires the synthesis of a phenyl substituted isoindolinone. To achieve this 
demand, a substituted acylbenzoic acid, or similar derivative, is necessary. By 
screening the different catalogues available, aldehyde (291) was found to meet the 
criteria needed in this case (Scheme 179). 
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> =~> /O~OH ~H 
o 
/0 Ph /0 0 
(292) (291) 
Scheme 179: Introduction of substituents in the phenyl ring. 
(R)-Phenylglycinol was condensed with aldehyde (291) to afford tricycIic 
lactam (293a) as a single diastereoisomer in 72% yield. Lactam (293a) was then 
treated with TiCl4 at _78°C and Et3SiH was then added. IsoindoIinone (294a) was 
isolated as a single product in S2% yield (Scheme ISO). 
° 
'.:::: OH 
/- H 
/0 ° 
(291) 
1. TiCI4 
2. Et3SiH 
• 
DCM,-78°C 
H2N 
Ph~H 
• Toluene, reflux 
(294a) 
Scheme 180: Synthesis of an isoindolinone without any substituents at the aminal 
centre. 
The phenylglycinol template was removed from (294a) using Vemon's 
methodology.1I8 (294a) Was mesylated to afford substrate (295). Upon elimination, 
enamide (296) was isolated and then hydrolysed under acidic conditions to produce 
N-H isoindolinone (297). N-Alkylation of (297) with methyl iodide proceeded in 
moderate yield (Scheme IS 1 ). 
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Birch reduction-alkylation of (298) afforded reduced compound (299) in 19% 
yield (Scheme 182). 
~l(d~O" ° CH3S02CI /,O~~M' IN. • 
/ Ph NEt3 / Ph 
91% 
/0 /0 
(294a) (295) 
° 
NaOEt 
/0 
--l( 3MHCI • 
EtOH Ph EtOH/H2O 
100% /0 80°C, 61% 
(296) 
° 
NH 
l.NaH oyco 
_2_. M_eI_ / I: NMe 
DMF,44% 
(297) 
/0 
(298) 
Scheme 181: Towards the N-methylated substrate. 
/o~ ~NMe 
/0 
(298) 
I. Li, NH3, t-BuOH 
THF, _78°C 
2.MeI 
• yee o /0 0/ NMe /-
/0 
(299) 
Scheme 182: Attempted Birch reduction-alkylation of (298). 
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2.2.2.6.2.1 Introduction of substituents at e(3) 
Perard-Viret et al have developed121 a diastereoselective alkylation of2-[(1R)-2-
hydroxy-l-phenylethyll-2,3-dihydro-1H-isoindolin-l-one (300) (Scheme 183). (300) 
Was obtained in a single step by reaction of (R)-phenylglycinol and phthalic 
dialdehyde in isopropanol and in the presence of HCI. Several alkylating agents and 
bases have been utilised in this study (Table 22). 
RX 
Mer 
PrBr 
AllBr 
BnBr 
BnCI 
1'-': CCCHQ ~ CHQ 
Base 
R-X 
• 
isopropanol 
52% 
c6-{o" 
~Nlh ~~QH 
k 
major 
(300) 
Scheme 183: Asymmetric alkylation of (300). 
LDA LiHMDS NaHMDS KHMDS 
Yield' d.r.b Yield' d.r.b Yield' d.r.b Yield' d.r. b 
40% 95:5 32% 95:5 71% 74:26 60% 53:47 
41% 95:5 72% 96:4 63% 96:4 
39% >95:5 41% 50:50 53% 50:50 
37% 95:5 28% >95:5 80% 50:50 
25% >95:5 50% 66:34 
a Yield of isolated alkylated product. 6 Diastereoselective ratio for the crude reaction mixture. 
Table 22: Alkylation of isoindolinone (300). 
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The authors proposed that the configuration of the newly fonned chiral centre 
was consistent with the models depicted in Fig 24. In model (301), a configurationally 
stable anion could be stabilised through an intramolecular chelation by the alcoholate. 
The expected chair like confonnation and the retention of configuration would lead to 
the observed 3R configuration. In the enolate model (302), an intramolecular 
chelation is also expected and the attack of the electrophile from the less sterically 
hindered face would also provide the 3R alkylated derivative. More studies are under 
way to identify the most favourable confonnation. 
(301) (302) 
Fig 24: Possible models explaining the configuration at the newly formed chiral 
centre. 
The best yield and diastereoselective ratio being obtained with lithium 
diisopropylamide (LDA) and lithium hexamethyldisilazide (LiHMDS), only these two 
bases were utilised. 
For our study, the enantiomer of (295a) was synthesised so that the "right" 
configuration at C(3) (the benzyl group pointing in front) would be generated upon 
alkylation (Scheme 184). 
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'::: 
h 
/0 
° 
OH 
H 
° 
I. TiCl4 
2. Et3SiH 
• 
DCM, -78°C 
55% 
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H2N. /~ ~. Phl\OH • t h"NjPh Toluene, reflux 
95% H b 
/0 
(293 b) 
(294b) 
Scheme 184: Synthesis of (294b), enantiomer of (294a). 
In general, 2.2 eq. of base was added to a solution of (295b) at _78°C in 
tetrahydrofuran followed by addition of 2 eq. of alkylating agent (Scheme 185). The 
reaction mixture was quenched with a solution of ammonium chloride and the 
resulting crude mixture purified by column chromatography to afford pure products 
(Table 23). 
(294b) 
l.Base ~O 2. R-X /0 '::: ~OH 
----l .. ~ t N·. 
THF, -78°C h "Ph 
° R / 
Scheme 185: Alkylation of (294b). 
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LDA LiHMDS 
RX Yield (%)' Yield (%)' 
MeI 13 95:5 3 95:5 
PhCHzBr 24 95:5 7 95:5 
• Yield of isolated alkylated product. 6 Diastereoselective ratio for the crude 
reaction mixture. 
Table 23: Alkylation of (294b). 
The diastereoselectivity was high in all cases. Nevertheless, the yields obtained 
were poor when LiHMDS was used as a base. In the case of LDA, a slight increase 
was observed but yields remained low. 
2.2.2.6.2.2 Removal of the phenyl glycinol template and attempted 
dearomatisation of the resulting compound 
The phenyl glycinol template was removed from isoindolinones (303) and (304) 
using Vemon's methodology.ll8 Isoindolinones (303) and (304) were reacting with 
mesyl chloride to afford the mesylated products (305) and (306). Elimination, 
followed by hydrolysis under acidic conditions gave the N-H isoindolinones (309) and 
(292) in poor to moderate overall yield (25% for R = Me and 5% for R = Bn) 
(Scheme 186). The e.e. values measured by HLPC experiments were high in both 
cases (92% for R = Me and 91 % for R = Bn). 
Birch reduction-alkylations of (309) and (292) were performed usmg 
benzyl bromide as alkylating agent (Scheme 186). No reduced product was isolated in 
either cases, probably due to the small amounts of starting materials used (25 mg for 
R = Me and about 11 mg for R = Bn). 
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~ ~Ph 
/' 
o R 
(303),R=Me 
(304), R = CH2Ph 
(307), R = Me, 41% 
(308), R = CH2Ph, 100% 
l. Li, NH3, t-BuOH 
THF 
3MHCI 
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o /,O~N-\OMS 
~ Ph 
/' 
o R 
(305), R = Me, 62% 
(306), R = CH2Ph, 76% 
~" 
o R 
/' 
(309), R = Me, 100%, 92% e.e. 
(292), R = CH2Ph, 7%, 91 % e.e. 
No products isolated 
2. BnBr 
-78°C 
Scheme 186: Removal of the phenyl glycinol template and further 
transformation. 
2.2.3 Conclusion and Future Work 
The synthesis of enantiopure 3-substituted isoindolinones following literature 
procedure was repeated with success (see Scheme 157, Table 19). Removal of the 
phenylglycinol template, using either Vemon's methodologyll8 or conc. H2S04 
method,1l6d lead to N-H isoindolinones in high e.e. but in poor yield (see section 
2.2.1.3.3). 
Birch reduction-alkylation61e of these isoindolinones was moderately successful. 
Enantiopure substrate (278a) was reduced in poor yield (30%) but the 
diastereoisomers were difficult to separate (see Scheme 167). Nevertheless, alkylation 
with benzylbromide allowed the synthesis of single diastereoisomer (284) in poor 
yield (29%) and moderate e.e. (42%) (see Scheme 169). 
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Benzyl or Boc protecting group were found to be unsuitable under Birch 
reduction-alkylation conditions, leading to either deprotection or no reaction (see 
Scheme 170 and 171). 
In our investigation towards the construction of the cytochalasan skeleton, 
substrate (285) was synthesised following Allin's methodology (see section 2.2.3).Jl6 
Novel isoindolinones have also been isolated starting with commercially available 
aldehyde (291) (see Scheme 180 and 184) and using a diastereoselective alkylation 
(see Scheme 185). Removal of the template was performed without loss of 
stereochemical integrity (see Scheme 186). 
The simple substrate (298) when subjected to Birch reduction-alkylation 
afforded (299) in poor yield (19%). Nevertheless, isoindolinones (285), (292) and 
(309) did not lead to any reduced products (see Scheme 178 and 186). These repeated 
failures might be due to the small amount of material handled during the course of 
these investigations. 
The Birch reduction-alkylation of isoindolinones (285), (292) and (309) could 
be repeated using a larger amount of starting materials. 
Investigation to a more suitable protecting group could allow the synthesis of 
reduced isoindolinones with no function at the nitrogen group. Several groups could 
be considered such as a trimethylacetyl group (Piv group) or a tert-butyldimethylsilyl 
group (TBDMS group) (Scheme 187). 
x 
o 
N-PG 
x 
X=HorOMe 
PG = Piv or TBDMS 
x 
Scheme 187: Suitable protecting groups in the Birch reduction-alkylation of 
isoindolinones. 
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A novel route towards lactam (292) could be envisaged. It would involve the 
synthesis of a substituted phthalic anhydride122 (310) followed by its reaction with a 
Grignard reagent and cadnium chloride.12o The resulting acylbenzoic acid (311) could 
be used for the synthesis of isoindolinones using Allin's methodology (Scheme 
188)y6d 
Scheme 188: Novel route towards substrate (292), 
Once a suitable protecting group is identified and the Birch reduction-alkylation 
of substrate (292) is scaled up, further investigations towards the synthesis of the 
cytochalasan skeleton could be envisaged. 
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EXPERIMENTAL 
Experimental 
3.1 GENERAL INFORMATION 
3.1.1 Solvent and reagents 
All solvents, where necessary, were dried, distilled and then stored over 4A 
molecular sieves prior to use. Dichloromethane was distilled over phosphorous 
pentoxide where ethyl acetate and light petroleum ether (40-60°C) were distilled over 
calcium chloride. Tetrahydrofuran was bought from Aldrich Chemical Company Ltd. 
and distilled over sodium wire. Unless otherwise stated light petroleum refers to 40-
60 petroleum ether (fraction boiling between· 40 and 60°C). Anhydrous 
dimethylformamide was purchased from Aldrich Chemical Co. Ltd. Other chemicals 
used in this work were obtained from Aldrich Chemical Co. Ltd, Lancaster Synthesis 
Ltd., Acros (Fisher) Chemicals Ltd. or Avocado. 
3.1.2 Chromatographic procedures 
Analytical thin layer chromatography was carried out with aluminium backed 
plates coated with 0.2 mm of silica. Plates were visualised under UV light (at 254 mn) 
or by staining with potassium permanganate or iodine. Flash column chromatography 
was carried out using Merck Kieselgel (70-230 Mesh ASTM). 
Chiral HPLC was performed using a Thermoseparations modular machine 
(VIOO UV Detector, P200 Pump and TSP Chromatographic Integrator) using a 
ChiralCel OD column (250 x 4.6 mm) purchased from Merck. 
3.1.3 Spectra 
Infrared spectroscopy was carried out using a Perkin-Elmer Fourier Transform 
Paragon 1000 spectrophotometer (with internal calibration), the spectra were recorded 
in the range 4000-600 cm-I. Solid samples were run using KBr disc and liquids as thin 
films. Nuclear magnetic resonance (NMR) spectra (lH and 13C) were recorded using 
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either a Bruker AC-250 or DPX-400 instruments. Multiplicities were recorded as 
broad peaks (b), singlets (s), doublets (d), triplets (t), quartets (q), double doublets 
(dd) and multiplets (m). All NMR samples were made up in deutareted chloroform 
with all values quoted in ppm relative to tetramethylsilane as reference. Coupling 
constants (J values) are reported in Hertz (Hz). Electron Impact (E.I.) and Fast Atom 
Bombardment (F.A.B.) mass spectra were recorded on a Kratos MS80 Instrument. 
3.1.4 Other data 
Melting points were determined on a Leica Galen III instrument and are 
uncorrected. Optical rotations were performed where possible on a polAAR 2001 
instrument using a 0.25 dm cell. All yields are for isolated pure products except where 
diastereomeric mixtures are noted. 
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3.2 A NEW STRATEGY FOR THE SOUD PHASE SYNTHESIS OF 
CYCLOBUTANONES AND RELATED DERIVATIVES 
3.2.1 Development of an intermolecular cycloaddition reaction 
3.2.1.1 Synthesis a/the precursors 
1·[ (2S)-2-(Hydroxymethyl)-tetrahydro-lH-pyrrol-l-yIJ-2-phenylethan-l-one 
(222)123 
HO 
dY'O 
To a solution of (2S)-2-hydroxymethylpyrrolidine (1.068 g, 10.56 mmol), 4-
(dimethylamino)pyridine (0.065g, 0.53 mrnol) and triethylamine (1.288g, 12.73 
mmol) in dichloromethane (20 ml), was added 2-chloro-l-phenyl-ethan-l-one (1.470, 
9.51 rnrnol) at O°C. 
After complete addition, the solution was allowed to warm at room temperature 
and stirred for 4 hours. The reaction mixture was then washed with an aqueous 
sodimn bicarbonate solution (20 ml). The aqueous phase was extracted with 
dichloromethane (2 x 20 ml). The organic phases were combined, dried over sodimn 
sulphate and concentrated. 
The resulting crude mixture was purified by column chromatography using 
silica gel as adsorbent and light petrolemn (bp 40-60°C)/ethyl acetate as eluent 
leading to a yellow oil (1.54 g, 74%); (Found: M+, 219.12598. C13H17NOz requires 
219.12593); Vmax (film)/cm-1 3386 (bs, OH), 3090 (spz CH), 2953 (Sp3 CH), 1618 
(C=O), 1101 (C-O), 723-696 (Ar substitution); OH (250 MHz; CDCh) 1.46-1.51 (lH, 
rn, CHzCHzCHz), 1.70-1.80 (2H, m, CH2CH(H)CHz+CHzCH(H)N), 1.92-2.07 (lH, 
m, CHzCH2N), 3.34-3.47 (3H, m, CHzCHN+CHCHzCHz), 3.59 (2H, m, CHzPh), 
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4.11-4.12 (lH, m, CHCH20H), 4.90 (lH, d, J 4, CHCH20H), 7.19-7.39 (5H, m, 
PhH); oe (100 MHz; CDCb) 22.28 (CH2), 24.80 (CH2), 42.81 (CH2), 48.76 (CH2), 
61.91 (CH), 67.68 (CH2), 127.34 (CH, ~Ph), 129.10 (2 x CH, ~Ph), 129.37 (2 x CH, 
~Ph), 134.72 (C, ~Ph)' 172.74 (C=O); mlz (El) 219 (M+, 7),188 (lOO), 91 (lOO), 77 (6), 
51 (18),41 (59). 
1,1-Dimethy lethyl-(2S)-2-(hydroxyrnethy l)tetrahydro-1H-pyrrole-l-carboxyla te 
(223)124 
A solution of (2S)-2-hydroxymethylpyrrolidine (1.005 g, 9.89 rnmol) and di-
tert-butyldicarbonate (2.600 g, 12mmol) was stirred in dichloromethane for 4 hours 
and then concentrated. The resulting crude mixture was purified by column 
chromatography using silica gel as adsorbent and light petroleum (bp 40-60°C)/ethyl 
acetate as eluent leading to white crystals (2.014 g, 100%), mp 58-61°C (Lit. 124a mp 
59-60°C); (Found: M+, 201.13649. ClOHI9N03 requires 201.13654); Vrnax (film)/cm·1 
3425 (bs, OH), 2975 (sp3 CH), 1694 (C=O), 1120 (C-O); OH (250 MHz; CDCb) 1.41 
(9H, s, C(CH3)J), 1.61-1.83 (3H, m, CH2CH2CH2+CH2CH(H)N), 1.84-2.10 (lH, m, 
CH2CH2N), 2.19 (2H, bs, CHCH2CH2), 3.21 (lH, rn, CH2CHN), 3.41-3.45 (1H, m, 
CHCH20H), 3.50 (2H, bs, CHCH(H)OH+CH20H) (IH-NMR data in agreement with 
literature dataI24b); oe (100 MHz; CDCh) 24.46 (CH2), 28.85 (3 x CH3), 29.12 (CH2), 
31.31 (CH), 47.94 (CH2), 68.14 (CH2), 80.61 (C(CH3)3), 151.58 (C=O); mlz (El) 201 
(M+, 1), 170 (48),146 (70),128 (48),114 (100),100 (4), 97 (I), 85 (6), 70 (lOO), 57 
(100), 41 (73). 
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l,l-Dimethyl (2S)-2-{[(phenylmethyl)oxy]methyl}tetrahydro-lH-pyrrole-1-
carboxylate (224)125 
() ~oJJ 
~ 
Bac 
To a solution of 1,I-dimethylethyl-(2S)-2-(hydroxymethyl)tetrahydro-lH-
pyrrole-1-carboxylate (223) (1.967 g, 9.7mmol) in tetrahydrofuran (25 ml) at O°C was 
added sodium hydride in dispersion (0.280 g, 11,68 mmol). After complete addition, 
n-tetrabutylammonium iodide (0.015 g, 0.12 mmol) then benzylbromide (1.997 g, 
11.68 mmol) were added and the mixture stirred overnight at room temperature. The 
reaction mixture was then washed with an aqueous sodium bicarbonate solution (20 
ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). The organic 
phases were combined, dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and light petroleum (bp 40-60°C)/ethyl acetate as eluent leading to a 
colourless oil (1.767 g, 62%); (Found: M+, 291.18381. C17H2SN03 requires 
291.18344); Vrnax (film)/cm-I 3063 (Sp2 CH), 2973 (Sp3 CH), 1695 (C=O), 1102 (C-O), 
736-698 (Ar substitution); OH (400 MHz; CDCh) 1.59 (9H, s, C(CH3)3), 1.85-1.97 
(lH, m, CH2CH2CH2), 2.01-2.17 (3H, m, CH2CH(H)CH2+CH2CH2N), 3.31 (3H, bs, 
CH2CHN+CHCH2CH2), 3.80-4.21 (2H, bs, CHCH20H), 4.50 (2H, s, CH2Ph), 7.18-
7.41 (5H, m, PhH); Oc (lOO MHz; CDCh) 23.73 (CH2), 28.86 (3 x CH3), 29.96 (CH2), 
47.02 (CH2), 57.03 (CH), 71.62 (CH2), 73.61 (CH2), 79.41 (C(CH3)3), 127.76 (2x 
CH, $Ph), 128.61 (2 x CH, $Ph), 139.10 (C, $Ph), 154.87 (C=O); mlz (El) 291 (M+, 12), 
218 (43),190 (49), 77 (22), 70 (lOO), 51 (12). 
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1, 1-Dimethyl-(2S)-2-{[(phenylmethyl)oxy ]methyl} tetrahydro-1 H-pyrrole-1-
carboxylate (224) (1.644 g, 5.65 mmo1) in solution in dichloromethane (20 m1) was 
treated with trifluoroacetic anhydride (4.31 g, 56.4 mmol) and the solution stirred for 
6 hours at room temperature. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and light petroleum (bp 40-60°C)!ethyl acetate as eluent leading to a pink 
oil (0.841 g, 78%). A sample was dried under high vacuum leading to a pink solid, 
which was recrystallised in hexane yielding red crystals, mp 65-67°C; (Found: M+, 
191.13101. CI2H17NO requires 191.13101); Vmax (film)!cm·1 3421 (N-H), 3031 (Sp2 
CH), 2984 (sp3 CH), 1676 (C=O), 1132 (C-O), 721-695 (Ar substitution); IiH (250 
MHz; CDCh) 1.70-1.91 (lH, m, CH2CH2CH2), 1.92-2.10 (3H, m, 
CH2CH(H)CH2+CH2CH2N), 3.20 (2H, t, J 7.4, CHCH20H), 3.50-3.70 (2H, m, 
CHCH2CH2), 3.71-3.90 (lH, m, CH2CHN), 4.40 (lH, d, J 12.0, CH2Ph), 4.45 (lH, d, 
J 12.0, CH2Ph), 7.21-7.41 (5H, m, PhH) eH-NMR datal25 in agreement with literature 
data); lie (lOO MHz; CD Ch) 24.37 (CH2), 27.34 (CH2), 45.76 (CH2), 59.06 (CH), 
69.20 (CH2), 73.70 (CH2), 127.96 (2 x CH, ~Ph), 128.25 (2 x CH, ~Ph)' 128.75 (CH, 
~Ph), 137.12 CC, ~Ph); mlz (El) 191 (M+, 3), 91 (lOO), 85 (42), 77 (20), 70 (15), 51 
(20). 
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2-Phenyl-l-( (2S)-2-{[ (phenylmethyl)oxy) methyl} tetrahydro-1H-pyrrole-l-
yl)ethan-l-one (221)1253 
o 
To a solution of (2S)-2-{[(Phenylmethyl)oxylmethyl}tetrahydro-lH-pyrrole 
(225) (0.800 g, 4.17 mmol), triethylamine (0.506 g, 5 mmol) and 4-
(dimethylamino)pyridine (0.020 g, 0.16 mmol) in dichloromethane (25 ml), 2-chloro-
I-phenyl-ethan-l-one (0.773 g, 5 mmol) was added and the solution stirred for 4 
hours at room temperature. The reaction mixture was then washed with an aqueous 
sodium bicarbonate solution (20 ml). The aqueous phase was extracted with 
dichloromethane (2 x 20 ml). The organic phases were combined, dried over sodium 
sulphate and concentrated. 
The crude mixture was purified by column chromatography using silica gel as 
adsorbent and light petroleum (bp 40-600 )/ethyl acetate as eluent leading to a yellow 
oil (0.632 g, 49%); (Found: M+, 310.17288. C2oH2]N02 requires 310.17306); Ymax 
(film)/cm,1 3029 (Sp2 CH), 2873 (Sp3 CH), 1641 (C=O), 1101 (C-O), 722-697 (Ar 
substitution); OH (400 MHz; CDCb) 1.89-1.95 (lH, rn, CH2CH2CH2), 2.04-2.07 (3H, 
m, CH2CH(H)CH2+CH2CH2N), 3.46-3.49 (2H, m, CHCH2CH2), 3.62-3.64 (lH, rn, 
CH2CHN), 3.66-3.73 (3H, rn, CHCH(H)OH+C(O)CH2Ph), 4.35-4.45 (lH, rn, 
CHCH20H), 4.53 (IH, d, J 12, CH2Ph), 4.54 (lH, d, J 12, CH2Ph), 7.21-7.36 (lOH, 
m, PhH); Qc (100 MHz; CDCb) 22.31 (CH2), 28.03 (CH2), 41.66 (CH2), 46.15 (CH2), 
57.23 (CH), 70.48 (CH2), 72.00 (CH2), 127.00 (2 x CH, ~Ph)' 127.84 (CH, ~Ph)' 
128.26 (2 x CH, ~Ph), 128.85 (2 x CH, ~Ph), 128.91 (CH, ~Ph), 129.34 (2 x CH, ~Ph), 
135.30 (C, ~Ph), 138.21 (C, ~Ph)' 170.24 (C=O); m/z (El) 310 (M+, 21), 218 (16), 201 
(18),188 (24), 91 (100),77 (16), 70 (77), 51 (8). 
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1,1-Dimethylethyl 3-hydroxytetrahydro-1H-pyrrole-l-carboxylate (227) 1250 
To a solution of pyrrolidin-3-ol (0.500 g, 5.74 mmol) in dichloromethane (20 
ml) at room temperature (20 ml) was added di-tert-butyldicarbonate (1.500 g, 6.89 
mmol). The solution mixture was stirred for 20 hours and concentrated. 
The crude mixture was purified by column chromatography using silica gel as 
adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading to a 
colourless oil (0.996 g, 92%); (Found~, 187.12084. C9H17N03 requires 187.12128); 
Vrnax (film)/cm,1 3415 (bs, OH), 2977 (Sp3 CH), 1674 (C=O), 1123 (C-O); OH (250 
MHz; CD Ch) 1.46 (9H, s, C(CH3)3), 1.89 (2H, q, CHCH2CH1), 3.28-3.49 (4H, m, 
CH1CH1N+ CHCH1N), 3.72 (lH, bs, CH(OH), 4.40 (lH, s, CH(OH»; Dc (lOO MHz; 
CDCh) 28.83 (3 x CH3), 33.80 (CH1)' 43.91 (CH1), 54.37 (CH1), 70.22 (CH), 79.69 
(C(CH3)3), 155.21 (C=O); mlz (El) 187 (M+, 21), 132 (60), 114 (84), 103 (12), 91 
(24), 87 (36), 70 (11), 57 (100), 43 (96). 
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1,1-Dimethyl 3-[(phenylmethyl)oxy I tetrahydro-lH-pyrrole-l-carboxylate 
(228)125> 
To a solution of I, I-Dimethylethyl 3-hydroxytetrahydro-1 H-pyrrole-I-
carboxylate (227) (0.900 g, 4.81 mmol) in tetrahydrofuran (20 ml) at O°C was added 
sodium hydride (0.173 g, 7.22 mmol). After complete addition, n-tetra-
butylammoniumiodide (0.020 g, 0.49 mmol) then benzylbromide (0.987 g, 5.77 
mmol) were added. The mixture was then allowed to warm at room temperature and 
stirred for 20 hours. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 m\). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude mixture was purified by column chromatography using silica gel as 
adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading a yellow 
oil (0.933 g, 70%); (Found M+ 277.16779. C'6H23NO requires 277.16773); Ymax 
(film)/cm·1 3030 (Sp2 CH), 2975-2928 (Sp3 CH), 1696 (C=O), 737-697 (Ar 
substitution); OH (250 MHz; CD Ch) 1.47 (9H, s, QCH3)3), 1.86-2.08 (2H, m, 
CHCH2CH2), 3.41-3.49 (4H, m, CHCH2N+CH2CH2N), 4.11 (lH, bs, CH(OBn», 4.52 
(lH, d, J 12, CH2Ph), 4.54 (lH, d, J 12, CH2Ph), 7.30-7.41 (5H, m, PhH); oe (100 
MHz; CD Ch) 28.54 (3 x CH3), 31.56 (CH2), 33.53 (CH2), 43.68 (CH2), 50.81 (CH2)' 
73.72 (CH), 79.20 (C(CH3)3), 127.58 (CH, ~Ph), 128.73 (2 x CH, ~Ph), 129.03 (2 x 
CH, ~Ph), 137.80 (C, ~Ph)' 154.60 (C=O); m/z (El) 277 (M+, 6), 221 (55),204 (6), 171 
(19),115 (100), 91 (100),77 (18), 41 (50). 
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3-[(Phenylmethyl)oxy]tetrahydro-lH-pyrrole (229)1253 
To a solution of 1,I-Dimethyl 3-[(phenylmethyl)oxy]tetrahydro-lH-pyrrole-l-
carboxylate (228) (0.899 g, 3.25 mmol) in dichloromethane (20 ml) at O°C was added 
trifluoroacetic acid (4.930 g, 43.34 mmol) and the solution stirred for 10 hours at 
room temperature. The reaction mixture was then washed with an aqueous sodium 
bicarbonate solution (20 ml). The aqueous phase was extracted with dichloromethane 
(2 x 20 ml). The organic phases were combined, dried over sodium sulphate and 
concentrated. 
The crude was purified by column chromatography using silica gel as adsorbent 
and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading to an orange oil 
(0.434 g, 75%); (Found M+ 177.11536. CIIH1SNO requires 177.11492); Vrnax 
(film)/cm·1 3432 (N-H), 3029 (sl CH), 2954 (sp3 CH), 1202 (C-O-C), 721-699 (Ar 
substitution); OH (250 MHz; CDCh) 2.02-2.05 (lH, m, CHCH2CH2), 2.17-2.18 (!H, 
m, CHCH2CH2), 3.31-3.47 (4H, m, CHCH2N+CH2CH2N), 4.22-4.29 (lH, bs, 
CH(OBn», 4.48 (lH, d, J 12, CH2Ph), 4.52 4.48 (!H, d, J 12, CH2Ph), 7.10-7.40 (5H, 
m, PhH), 9.5 (s, !H, NB); oe (lOO MHz; CDCh) 30.83 (CH2), 43.72 (CH2), 49.72 
(CH2), 71.17 (CH2), 76.50 (CH), 127.77 (CH, ~Ph), 128.03 (2 x CH, ~Ph), 128.70 (2 x 
CH, ~Ph), 133.39 (C, ~Ph); mlz (El) 177 (M+, 24), 161 (48), 132 (33), 91 (lOO), 77 
(52). 
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2-Phenyl-l-{3-[ (phenylmethyl)oxy )tetrahydro-lH-pyrrol-l-yl}ethan-l-one (230) 
To a solution of 3-[(Phenylmethyl)oxy)tetrahydro-IH-pyrrole (229) (0.419 g, 
2.35 mmol), triethylamine (0.285' g, 2.82 mmol) and 4-( dimethylamino )pyridine 
(0.030 g, 0.24 mmol) in dichloromethane (20 ml) was added 2-chloro-I-phenyl-ethan-
I-one (0.463 g, 2.82 mmol) and the solution stirred for 20 hours. The reaction mixture 
was then washed with an aqueous sodium bicarbonate solution (20 ml). The aqueous 
phase was extracted with dichloromethane (2 x 20 ml). The organic phases were 
combined, dried over sodium sulphate and concentrated. 
The crude was purified by column chromatography using silica gel as adsorbent 
and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading a yellow oil (0.279 
g, 39%); Ymax (film/cm-1 3030 (CH, ~), 2925 (CH, alkane), 1637 (C=O), 1105 (C-O-
C), 724-697 (Ar substitution); OH (250 MHz; CD Ch) 1.84-2.07 (!H, m, CHCH2CH2), 
2.07-2.20 (IH, rn, CHCH2CH2), 3.45-3.63 (4H, m, CHCH2N+CH2CH2N), 3.66 (2H, s, 
CCO)CH2Ph), 4.09-4.19 (lH, m, CH(OCH2Ph», 4.47 (!H, dq, J 12, CH2Ph), 4.52 4.47 
(!H, dq, J 12, CH2Ph), 7.12-7.38 (lOH, m, PhH); Oc (lOO MHz; CDCh) 29.93 (CH2), 
41.96 (CH2), 43.95 (CH2), 51.03 (CH2), 70.83 (CH2), 76.16 (CH), 126.74 (CH, ~Ph), 
127.58 (2 x CH, ~Ph), 127.62 (2 x CH, ~Ph), 127.76 (CH, ~Ph), 128.47 (2 x CH, ~Ph), 
128.63 (2 x CH, ~Ph), 134.72 (C, ~Ph), 134.79 (C, ~Ph), 169.62-169.81 (C=O). 
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2-Phenyl-l-tetrahydro-lH-pyrrol-l-ylethano-l-one (226)126 
To a solution of pyrrolidine (0.250 g, 3.52 mmol), triethylamine (0.427 g, 4.22 
mmol) and 4-( dimethylamino )pyridine (0.051 g, 0.42 mmol) in dichloromethane (20 
ml) at O°C was added 2-chloro-l-phenyl-ethan-l-one (0.652 g, 4.22 mmol) and the 
solution stirred for 20 hours. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude mixture was purified by column chromatography using silica gel as 
adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading to a 
white/yellowish solid (0.400 g, 60%). A sample was recrystallised in hexane leading 
to white crystals which were used for analysis; (Found: M+, 189.11536. CI2HISNO 
requires 189.11533); mp 39°C (Lit. 1Z6b mp 40°C); Vrnax (film/cm'l) 3060-3020 (spz 
CH), 2971-2876 (sp3 CH), 1635 (C=O), 1432, 743-721 (Ar substitution); OH (400 
MHz; CDCb) 1.76 (2H, q, J7.7, CHzCHzCHz), 1.86 (2H, q, J7.7, CHzCHzCH2), 3.38 
(2H, t, J 7.7, CHzCHzN),3.45 (2H, t, J 7.7, CH2CHzN), 3.62 (2H, s, CHzPh), 7.19-
7.30 (5H, m, PhH) (lH-NMR in agreementlZ6a with literature); oe (100 MHz; CDCb) 
24.65 (CH2), 26.45 (CHz), 42.55 (CHz), 46.21 (CHz), 47.17 (CHz), 126.96 (CH, ~Ph), 
128.86 (2 x CH, ~Ph), 129.13 (2 x CH, ~Ph), 135.37 (C, ~Ph), 169.73 (C=O); m/z (El) 
189 (~, 15), 118 (5), 98 (100), 91 (29),70 (7), 65 (10), 55 (43),51 (3),41 (5). 
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3.2.1.2 The cyclobutanone target 
(2S,3S)-2-Phenyl-3-{[(phenylmethyl)oxy]methyl}cycIobutan-I-one (219)101 
(( 
o 
A solution of2-Phenyl-I-tetrahydro-IH-pyrrol-I-ylethano-I-one (226) (0.130 g, 
0.69 mmol) in dichloromethane (20 ml) at -20°C was treated with 
trifluromethanesulfonic anhydride (0.233 g, 0.83 mmol) and the solution stirred for 10 
minutes. A mixture of 2,4,6-trimethylpyridine (0.100 g, 0.83 mmol) and allylbenzyl 
ether (0.205 g, 1.38 mmol) in dichloromethane was added slowly at -20°C. The 
reaction was stirred for 10 minutes and then allowed to warm at room temperature and 
further stirred for 4 hours. An aqueous sodium bicarbonate solution was then added 
(20 ml) and the solution refluxed for 20 hours. After cooling down, the reaction 
mixture was diluted with dichloromethane (20 ml) and successively washed with 
water and brine. The organic phase was dried over magnesium sulphate and 
concentrated. The crude mixture was purified by column chromatography using silica 
gel as adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading to a 
yellow oil (0.038 g, 20%); Vrnax (film/cm'l) 3061 (Sp2 CH), 2918 (Sp3 CH), 1779 
(C=O), 1453 (C-C); OH (400 MHz; CDCb) 2.82-2.88 (lH, m, CH(Ph)CH), 3.06-3.09 
(2H, m, CHCH2C(O», 3.3 (2H, d, J 5.5, CHCH20), 4.36-4.38 (lH, d, J 7.8, CH(Ph», 
4.60 (2H, s, OCH2Ph), 7.24-7.36 (lOH, m, PhH) eH-NMR in agreementlOl with 
literature); Oc (lOO MHz; CDCb) 32.38 (CH), 47.24 (CH2), 66.49 (CH), 71.94 (CH2), 
73.26 (CH2), 127.06 (CH, ~Ph)' 127.12 (2 x CH, ~Ph), 127.48 (2 x CH, ~Ph), 127.64 
(CH, ~Ph), 128.66 (2 x CH, ~Ph), 128.92 (2 x CH, ~Ph), 135.95 (C, ~Ph), 138.09 (C, 
~Ph)' 205.93 (C=O). 
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3.2.2 Development of an intramolecular cycloaddition reaction 
3.2.2.1 Synthesis a/the precursors 
1-«2S)-2-{[ (Phenylmethyl)oxy ] methyl) }tetrahydro-lH-pyrrol-l-yl)hept-6-en-l-
one (232) 
o 
To a solution of 6-heptenoic acid (0.200 g, 1.56 mmol) in dichloromethane was 
added oxalyl chloride (0.594 g, 4.68 mmol) and dimethylformamide (few drops). The 
reaction was stirred for 45 minutes at room temperature and concentrated. The crude 
product was dried in high vacuum. 
To the crude 6-heptenoyl chloride (0.228 g, 1.56 mmol) in dichloromethane at 
O°C was added (2S)-2-{[(Phenylmethyl)oxylmethyl}tetrahydro-1H-pyrrole (225) 
(0.300 g, 1.56 mmol). The solution was then allowed to warm at room temperature 
and stirred for 3 hours. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude mixture was purified by column chromatography using silica gel as 
adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading a 
colourless oil (0.300 g, 64%); (Found M+, 301.20384. C19H27N02 requires 
301.20418); Ymax (film)/cm-1 3065 (Sp2 CH), 2930 (Sp3 CH), 1639 (C=O), 1102 (C-O-
C), 738-698 (Ar substitution); OH (250 MHz; CD Ch) 1.39-1.71 (4H, m, 
CH2CH2CH+C(O)CH2CH2), 1.80-2.08 (6H, m, CH2CH2N+CH2N+CH2CH=CH2), 
2.22-2.34 (2H, t, J 7.9, C(O)CH2CH2), 3.26-3.49 (2H, m, NCHCH2), 3.50-3.64 (lH, 
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m, CHCH20), 3.65-3.67 (lH, m, CHCH20), 4.29-4.38 (lH, m, CH2CHN), 4.49 (lH, 
q, J 19.2, CH2Ph), 4.52 (lH, q, J 19.2, CH2Ph), 4.90-5.15 (2H, m, CH=CH2), 5.72-
5.86 (lH, m, CH=CH2), 7.25-7.34 (5H, m, PhH); Oc (lOO MHz; CDCh) 24.21 (CH2), 
24.45 (CH2), 27.60 (CH2), 28.88 (CH2), 34.14 (CH2), 34.82 (CH2), 47.37 (CH2), 56.46 
(CH), 70.21 (CH2), 73.15 (CH2), 114.46 (CH2), 127.48 (2 x CH, ~Ph)' 127.88 (CH, 
~Ph), 128.52 (2 x CH, ~Ph)' 137.92 (C, ~Ph)' 138.77 (CH), 172.29 (C=O); mlz (El) 301 
(M+, 8), 210 (85),180 (100), 91 (50),70 (lOO), 55 (20). 
(2S)-Tetrahydro-lH-pyrrol-2-ylmethyl hept-6-enoate (233) 
~o~ 
o 
To a solution of 6-heptenoic acid (0.200 g, 1.56 mmol) in dichloromethane was 
added oxalyl chloride (0.594 g, 4.68 mmol) and dimethylformamide (few drops). The 
reaction was stirred for 45 minutes at room temperature the solvent removed under 
vacuum and the crude product dried in high vacuum afforded the acid chloride (vmax 
1800 cm"l). 
A solution of (2S)-2-hydroxymethylpyrrolidine (0.158 g, 1.56 mmol) in 
dichloromethane (20 ml) was added to a solution of 6-heptenoyl chloride (0.228 g, 
1.56 mmol) in dichloromethane (20 ml) at O°C. After complete addition, the solution 
mixture was allowed to warm at room temperature and the solution stirred for 3 hours. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 m1). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. The 
crude mixture was purified by column chromatography using silica gel as adsorbent 
and petroleum ether (bp 40-60°C)!ethyl acetate as eluent leading a colourless oil 
(0.197 g, 60%); (Found M+ 211.15723. Cl2H2lN02 requires 211.15716); Vmax 
(film)!cm"l 3394 (bs, OH), 3075 (Sp2 CH), 2932 (Sp3 CH), 1719 (C=O, ester), 1054 
(C-O); OH (250 MHz; CDCh) 1.25-1.70 (4H, m, CH2CH2CH+CH2CH=CH2), 1.75-
2.15 (6H, m, CH2CH2N+CH2N+C(O)CH2CH2), 2.45-2.60 (2H, m, C(O)CH2CH2), 
3.40-3.74 (4H, m, NCHCH2+CHCH20), 4.15-4.30 (lH, m, CH2CHN), 4.90-5.10 (2H, 
-176 -
Experimental 
m, CH=CH2)' 5.70-5.90 (lH, m, CH=CH2); lie (100 MHz; CDCh) 24.35 (CH2), 26.87 
(CH2), 28.71 (CH2), 33.45 (CH2), 39.07 (CH2), 39.74 (CH2), 48.15 (CH2), 61.71 
(CH), 66.79 (CH2), 114.70 (CH2), 137.93 (CH), 170.39 (C=O); mlz (El) 211 (M+, 7), 
100 (18), 83 (34),70 (100), 55 (45), 41 (27). 
1-[(2S)-2-(hydroxymethyl)tetrahydro-1H-pyrrol-l-yl) hept-6-en-l-one (234) 
o 
To a solution of 6-heptenoic acid (0.500 g, 1.56 mmol) in dichloromethane was 
added oxalyl chloride (1.485 g, 4.68 rnmol) and dimethylformamide (few drops) and 
the reaction mixture stirred for 45 minutes at room temperature. The solvent was then 
removed under vacuum and the crude product dried in high vacuum afforded the acid 
chloride (vmax 1800 cm·I). 
6-Heptenoyl chloride in dichloromethane (10 ml) was added to a solution of 
(2S)-2-hydroxymethylpyrrolidine (0.395 g, 3.90 mmol) in dichloromethane (20 ml) at 
O°C in the presence of triethylamine (0.395 g, 3.90 mmol) and 4-
(dimethylamino)pyridine (0.044 g, 0.39 mmol) and the solution stirred for one hour. 
The reaction mixture was then allowed to warm at room temperature and stirred for 2 
hours. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude mixture was purified by colmnn chromatography using silica gel as 
adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate as eluent leading a yellow 
oil (0.701 g, 85%); (Found M+ 211.15757. C12H2IN02 requires 211.15223); Vrnax 
(film)/cm·1 3394 (bs, OH), 3075 (Sp2 CH), 2932 (sp3 CH), 1620 (C=O), 1054 (C-O); 
IiH (250 MHz; CDCh) 1.35-1.72 (4H, m, CH2CH2CH+C(O)CH2CH2), 1.80-2.14 (6H, 
m, CH2CH2N+CH2N+CH2CH=CH2), 2.28-2.34 (2H, t, J 7.9, C(O)CH2CH2), 3.40-
3.72 (4H, m, CHCH2CH2+CH20H), 4.17-4.29 (lH, m, CH2CHN), 4.91-5.10 (2H, m, 
CH=CH2), 5.19 (lH, bs, OH), 5.73-5.89 (lH, m, CH=CH2); lie (100 MHz; CDCh) 
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24.29 (CH2), 28.35 (CH2), 28.77 (CH2), 33.54 (CH2), 33.62 (CH2), 34.94 (CH2), 48.15 
(CH2), 61.20 (CH), 67.69 (CHz), 114.69 (CHz), 138.67 (CH), 174.51 (C=O); m/z (El) 
211 (M+, 45),180(100),83 (54), 70 (100), 55 (100),41 (89). 
3.2.2.2 Solid phase synthesis 
Resin (235) 
cl 
d 
o 
Potassium hydride (0.155 g, 3.86 mmol) was added to a solution of (234) (00407 
g, 1.93 mmol) in tetrahydrofuran (20 ml) at ODC. The solution was stirred for 2 hours 
at ODC. 
The alkoxide solution was then added via a cannula to Merrifield resin (1.440 g) 
in solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was allowed to warm at room temperature and then heated up to 80DC. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether and 
then dried under vacuum at high temperature (50DC). 
The filtrate was concentrated, diluted with dichloromethane (20 ml) and washed 
thoroughly with water. The organic phase was then collected, dried over sodium 
sulphate and concentrated to afford unreacted (234) (0.244 g, 40%). From this, the 
coupling ofthe resin with (234) was determined to be 60%; Vrnax (KBr)!cm·1 3024 (spz 
CH), 2922 (Sp3 CH), 1638 (C=O), 1492 (C-O). 
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Resin (236) 
Resin (235) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.702 g, 5.79 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (1.633 g, 5.79 
mmol) in dichloromethane (10 ml) was then slowly added. The reaction mixture was 
then refluxed for 24 hours. 
After reaction, the solution was cooled down and the resin was filtered and 
washed with dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl 
ether and was the dried under vacuum at high temperature (SO°C); Vrnax (KBr)!cm·1 
3024 (Sp2 CH), 2922 (Sp3 CH), 1734 (iminium salt). 
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3.2.2.3 The cyclobutanone target 
BicycIo[3.2.0)heptan-6-one (231)103 
oJ=O 
Resin (236) was gently swelled for I hour in dichloromethane (20 ml) at room 
temperature. An aqueous solution of sodium bicarbonate (20 ml) was then added and 
the solution was heated up till reflux. The reaction mixture was stirred gently for 24 
hours. 
After reaction, the solution was cooled down and the resin was washed with 
dichloromethane (50 ml). The filtrate was washed successively with water and brine. 
The organic phase was then collected, dried over sodium sulphate and concentrated 
under vacuum to afford an orange oil (0.028 g, 22%); Vmax (film)/cm,l 2927 (Sp3 CH), 
1778 (C=O) 1458 (CH, bend); 8H (250 MHz; CD Ch) 1.52-1.92 (6H, m, 
CH(CH2)3CH), 2.24-2.36 (lH, t, J 5.1, CH2CHCH2), 2.82-2.96 (lH, rn, C(O)CHCH2), 
3.\3-3.26 (lH, rn, CHCH2C(O», 3.50-3.59 (lH, rn, CHCH2C(O» eH-NMR in 
agreernent103 with literature); 8e (lOO MHz; CDCh) 22.70 (CH2), 28.95 (CH), 30.13 
(CH2), 31.94 (CH2), 51.55(CH2), 64.86 (CH),214.87 (C=O). 
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3.2.2.4 Optimisation o/the reaction conditions 
Resin (237) 
o 
-
(237) 
w 
Potassium hydride (0.089 g, 2.20 mmol) was added to a solution of (234) (0.232 
g, 1.40 mmol) in tetrahydrofuran (20 ml) at O°C. The solution was then stirred for 2 
hours at O°C. 
The alkoxide solution was then added via a cannula to the Wang resin (1.00 g) 
in solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was allowed to warm at room temperature and then heated up to 80°C. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether. It was 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated, diluted with dichloromethane (50 ml) and washed 
thoroughly with water. The organic phase· was then collected, dried on sodium 
sulphate and concentrated to afford unreacted (234) (0.080 g, 35%). From this, the 
coupling of the resin with (234) was determined to be 65%; Vrnax (KBr)/cm-1 3023 (Sp2 
CH), 2920 (sp3 CH), 1638 (C=O), 1492 (C-O). 
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Resin (238) 
(238) 
w 
Resin (237) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.1 04 g, 0.86 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (0.355 g, 1.26 
mmol) in dichloromethane (5 ml) was then slowly added. The reaction mixture was 
then refluxed for 24 hours. 
After reaction, the solution was cooled down and the resin was filtered and 
washed successively with dimethylformamide, ethanol, ethyl acetate, 
dichloromethane and diethyl ether and then dried under vacuum at high temperature 
(50°C); V max (KBr)/ cm'! 3022 (Sp2 CH), 2927 (Sp3 CH), 1734 (iminium salt). 
Resin (239) 
o 
(239) 
Potassium hydride (0.060 g, 1.50 mmol) was added to a solution of (234) (0.155 
g, 0.73 mmol) in tetrahydrofuran (20 ml) at O°C. The solution was stirred for 2 hours 
at O°C. 
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The alkoxide solution was then added via a cannula to the tentagel resin (1.00 g) 
in solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was allowed to warm at room temperature and then heated up to 80°C. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether. It was 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated, diluted with dichloromethane (50 ml) and washed 
thoroughly with water. The organic phase was then collected, dried on sodium 
sulphate and concentrated to afford unreacted (234) (0.080 g, 50%). From this, the 
coupling of the resin with (234) was determined to be quantitative (since 2eq. of (234) 
has been used); Vmax (KBr)/cm·] 2924 (sp2 CH), 1655 (C=O), 1460(C-O). 
Resin (240) 
c(~=<Q 
I CD (240) 
Resin (239) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.058 g, 0.48 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (0.135 g, 0.48 
mmol) in dichloromethane (5 ml) was then slowly added. The reaction mixture was 
then refluxed for 24 hours. 
After reaction, the solution was cooled down and the resin was filtered and 
washed successively with dimethylformamide, ethanol, ethyl acetate, 
dichloromethane and diethyl ether and then dried under vacuum at high temperature 
(50°C); Vmax (KBr)/ cm·] 2927 (Sp3 CH), 1734 (iminium salt). 
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3.2.3 Synthesis of cycobutanone derivatives 
3.2.3.1 Acid or ester precursors 
2-(But-3-enyloxy)ethanoic acid (243)I07b 
~onOH 
o 
Experimental 
To a solution of 3-buten-I-ol (0.200 g, 2.77 mmol) in tetrahydrofuran (20 ml) at 
O°C was added sodium hydride (0.146 g, 6.09 mmol). The mixture was allowed to 
warm till room temperature and stirred for 20 minutes. 
The mixture was then treated with bromoacetic acid (0.385 g, 2.77 mmol) at 
O°C. After complete addition, the mixture was heated till reflux for 3 hours. The 
solution was cooled down and stirred 20 hours at room temperature. 
The reaction mixture was then diluted with diethyl ether (20 ml) and quenched 
with saturated brine and enough water to dissolve all the salt. 
The aqueous layer was adjusted to pH = 10.5 with potassium carbonate solution 
and separated. It was then washed with diethyl ether (2 x 20 ml) and acidify to pH = 1 
with concentrated hydrochloric acid. 
The aqueous layer was extracted with diethyl ether (3 x 10 ml). The combined 
organic layers were washed with water and brine, dried over sodium sulphate and 
concentrated to afford the desired product as a green oil (0.244 g, 68%); (Found: M+, 
131.07065. C6HlO03 requires 131.07082); V max (film)!cm·1 3200 (bs, COOH), 3077 
(sl CH), 2960 (Sp3 CH), 1725 (C=O), 1191 (C-O-C); OH (250 MHz; CDCh) 2.35-
2.45 (2H, q, J 6.7, CH2CH2CH), 3.61-3.66 (2H, t, J 6.7, CH2CH20), 4.17 (2H, s, 
OCH2C(O», 5.05-5.17 (2H, m, CH2=CH), 5.74-5.90 (lH, m, CH2=CH), 11.25 (!H, 
bs, COOH) eH-NMR in agreement107b with literature); Oc (lOO MHz; CDCh) 30.05 
(CH2), 68.14 (CH2), 71.52 (CH2), 117.35 (CH2), 134.85 (CH), 175.20 (C=O); mlz 
(F AB) 13l (M+' 47), 120 (8), 107 (19). 
- 184-
2-(Pent-4-enyloxy)ethanoic acid (244)107C 
~onOH 
o 
Experimental 
To a solution of 4-pent-l-01 (0.400 g, 4.64 mmol) in tetrahydrofuran (20 ml) at 
O°C was added sodium hydride (0.245 g, 10.21 mmol). The mixture was allowed to 
warm till room temperature and stirred for 20 minutes. 
The mixture was then treated with bromoacetic acid (0.645 g, 4.64 mmol) at 
O°C. After complete addition, the mixture was heated at reflux for 3 hours. The 
solution was cooled down and stirred 20 hours at room temperature. 
The reaction mixture was then diluted with diethyl ether (20 ml) and quenched 
with saturated brine and enough water to dissolve all the salt. 
The aqueous layer was adjusted to pH = 10.5 with potassium carbonate solution 
and separated. It was then washed with diethyl ether (2 x 20 ml) and acidify to pH = 1 
with concentrated hydrochloric acid. 
The aqueous layer was extracted with diethyl ether (3 x 10 ml). The combined 
organic layers were washed with water and brine, dried over sodium sulphate and 
concentrated to afford the desired product as a colourless oil (0.351 g, 53%); Vrnax 
(film)/cm-1 3200 (bs, COOH), 3078 (sp2 CH), 2941 (Sp3 CH), 1735 (C=O), 1137 (C-
O-C); OH (250 MHz; CDCh) 1.68-1.79 (2H, q, J 6.7, CH2CH2CH2), 2.10-3.19 (2H, q, 
J 6.7, CHCH2CH2), 3.55-3.60 (2H, t, J 6.7, CH2CH20), 4.12 (2H, s, OCH2C(O», 
4.95-5.07 (2H, m, CH2=CH), 5.73-5.89 (lH, m, CH2=CH), 10.95 (lH, bs, COOH) 
(IH-NMR in agreement107c with literature); Oc (lOO MHz; CDCh) 28.60 (CH2), 30.05 
(CH2), 67.77 (CH2), 71.39 (CH2), 115.07 (CH2), 137.91 (CH), 175.90 (C=O). 
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9-Decenoic acid106 
o 
HO 
A solution of 9-decen-I-ol (0.400 g, 2.60 mmol) in acetone (20 ml) was stirred 
under at O°C and an aqueous chromium(VI)oxide solution (1.5 ml solution from 1.3 g 
of chromium(VI)oxide dissolved in 3.8 ml of water and 1.2 ml of concentrated 
sulphuric acid) was added dropwise. 
The mixture was then stirred for 20 hours at room temperature. Propan-2-01 (10 
ml) was then added dropwise at O°C and the mixture was stirred for 1 hour, diluted 
with water (l0 ml) and extracted with dichloromethane (2 x 10 ml). The organic 
layers were combined and washed with an aqueous sodium bicarbonate solution (20 
m!). 
The combined alkaline fractions were acidified to pH = 2 with 6N hydrochloric 
acid and extracted with dichloromethane (2 x 10 ml). The organic phases were 
combined, dried over sodium sulphate and concentrated to give 9-decenoic acid as 
colourless viscous oil (0.217 g, 49%); Vmax (film)!cm·1 3300 (bs, COOH), 3076 (Sp2 
CH), 2928 (Sp3 CH), 1709 (C=O), 1285 (C-O); 1.23-1.46 (8H, m, CH2(CH2)4CH2), 
1.59-1.68 (2H, m, CH2CH2COOH), 1.98-2.10 (2H, q, J 6.0, CHCH2CH2), 2.30-2.38 
(2H, t, J 7.4, CH2CH2COOH), 4.89-5.03 (2H, m, CH2=CH), 5.71-5.90 (lH, m, 
CH2=CH), 10.90-11.30 (lH, bs, COOH) (H-NMR in agreement106 with literature); Oc 
(100 MHz; CDCb) 24.68 (4 x CH2), 28.70 (CH2), 33.77 (CH2), 34.14 (CH2), 114.24 
(CH2), 139.09 (CH), 180.49 (C=O). 
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Methyl 2-[( 4-methylphenylsulphonyl)amino ]ethanoate (247)1083 
A mixture of water (8 ml), tetrahydrofuran (4 ml), glycine methyl ester 
hydrochloride (0.500 g, 4 mmol) and triethylamine (1.210 g, 12 mmol) was treated 
with tosyl chloride (1.140 g, 6 mmol), which was added in small portions over a 
period of 30 minutes. 
The mixture was then stirred at room temperature for 1 hour, concentrated and 
diluted with water (10 ml). The aqueous phase was washed with dichloromethane (2 x 
10 ml). The combined organic phases were dried over sodium sulphate and 
concentrated to afford a white solid. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and light petroleum (bp 40-60°C)/ethyl acetate as eluent leading to white 
crystals (0.827 g, 85%); (Found: M+, 243.05653. CIOH13N04S requires 243.05696); 
mp 85-89°C (lit.l27 91-93°C); Vrnax (film)!cm-1 3445 (bs, N-H), 3070 (sp2 CH), 2960 
(sp3 CH), 1730 (C=O), 1354-1163 (S02-N), 877-811 (p-substituted Ar); OH (250 
MHz; CD Cb) 2.43 (3H, s, Ar-CH3), 3.64 (3H, s, C(O)OCH3), 3.80 (2H, d, J 5.5, 
NHCH2C(O», 5.06 (lH, bs, NH), 7.30 (2H, d, J 8.1, PhH), 7.74 (2H, d, J 8.3, PhH); 
oe (100 MHz; CDCb) 21.76 (CH3),), 44.06 (CH2), 52.63 (CH3), 127.15 (2 x CH, ~Ph), 
129.68 (2 x CH, ~Ph), 136.25 (C, ~Ph)' 143.84 (C, ~Ph), 169.33 (C=O); m/z (El) 243 
(M+, 16), 184 (76),171 (7), 155 (64), 119 (9),105 (6), 91 (100),65(21),51(6),39 (5). 
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Methyl 2-[but-3-enyl( 4-methylphenylsulphonyl)amino ]ethanoate (250) 
Methyl 2-[(4-methylphenylsulphonyl)amino]ethanoate (247) (0.251 g, 1.03 
mmol) in solution in dimethylformamide (20 ml) was treated with sodium hydride 
(0.037 g, 1.54 mmol) at O°C. The reaction mixture was stirred for 30 minutes at room 
temperature and then treated with 5-bromopent-l-ene (0.167 g, 1.24 mmol) at O°e. 
The solution was then heated up at 90°C and stirred for 3 hours. The solution mixture 
was then cooled down, diluted with dichloromethane (50 ml) and washed several 
times with water (4 x 50 ml). The organic phase was dried over sodium sulphate and 
concentrated. The crude product was purified by column chromatography using silica 
gel as adsorbent and ethyl acetate/light petroleum (bp 40-60°C) as eluent leading to 
colourless oil (0.145 g, 49%); (Found: M+, 297.10414. C'4H'9N04S requires 
297.10348); Vmax (film)/cm"3074 (Sp2 CH), 2978 (sp3 CH), 1755 (C=O), 1342 (S02-
N), 1160 (C-O), 816-658 (p-substituted Ar); (lH (250 MHz; CDCh) 2.25-2.34 (2H, q, 
J 7.15, CHCH2CH2), 2.42 (3H, s, Ar-CH3), 3.28-3.34 (2H, t, J 7.4, CH2CH2N), 3.61 
(3H, s, COOCH3), 4.08 (2H, s, NCH2CO), 5.00-5.10 (2H, m, CH2=CH), 5.61-5.78 
(lH, m, CH2=CH), 7.27-7.31 (2H, d, J 8.3, PhH), 7.70-7.74 (2H, d, J 8.3, PhH); (le 
(lOO MHz; CDCb) 21.62 (CH3), 32.56 (CH2), 47.79 (CH2), 48.13 (CH2), 52.12 
(CH3), 117.28 (CH2), 127.39 (2 x CH, ~Ph), 129.94 (2 x CH, ~Ph), 134.44 (C, ~Ph), 
136.82 (C, ~Ph), 143.44 (CH), 169.42 (C=O); mlz (El) 297 (M+, 3), 251 (100), 155 
(60),138 (59), 91 (70),55 (42), 41 (20). 
MethyI2-[pent-4-enyl(4-methylphenyl)amino]ethanoate (251) 
(247) (1.001 g, 4.11 mmol) In solution in dimethylformamide (20 ml) was 
treated with sodium hydride (0.118 g, 4.93 mmol) at O°C. The reaction mixture was 
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stirred for 30 minutes at room temperature and then treated with 4-bromobut-l-ene 
(0.167 g, 1.24 mmol) at O°C. The solution was then heated up at 90°C and stirred for 
3 hours. The solution mixture was then cooled down, diluted with dichloromethane 
(50 ml) and washed several times with water (4 x 50 ml). The organic phase was dried 
over sodium sulphate and concentrated. The crude product was purified by column 
chromatography using silica gel as adsorbent and ethyl acetate/light petroleum (bp 40-
60°C) as eluent leading to a yellow oil (0.890 g, 69%); (Found: M+, 311.11871. 
C,sH2,N04S requires 311.11913); V max (film)/cm·' 3074 (sp2 CH), 2976 (Sp3 CH), 
1756 (C=O), 1343 (S02-N), 1160 (C-O), 816-656 (p-substituted Ar); OH (250 MHz; 
CD Cb) 1.57-1.69 (2H, m, CH2CH2CH2), 2.0-2.08 (2H, q, J 7.2, CHCH2CH2), 2.42 
(3H, s, Ar-CH3), 3.20-3.26 (2H, t, J 7.4, CH2CH2N), 3.63 (3H, s, C(O)OCH3), 4.05 
(2H:s, NCH2C(O)), 4.94-5.03 (2H, m, CH2=CH), 5.67-5.83 (!H, m, CH2=CH), 7.28-
7.31 (2H, d, J 8.1, PhH), 7.70-7.73 (2H, d, J 8.3, PhH); oe (lOO MHz; CDCb) 21.89 
(CH3), 27.43 (CH2), 30.94 (CH2), 48.34 (CH2), 48.40 (CH2), 52.48 (CH3), 115.71 
(CH2), 127.75 (2 x CH, ~Ph), 129.89 (2 x CH, ~Ph), 137.11 (C, ~Ph), 137.70 (C, ~Ph), 
143.77 (CH), 169.82 (C=O); mlz (El) 311 (M+, 3), 256 (6), 228 (3), 198 (21), 184 (6), 
155 (61), 91 (100),77 (5), 68 (31), 49 (25), 41 (24). 
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3.2.3.2 Coupling with (S)-( + )-prolinol 
Nl-{2-[2-(2S)-2-(Hydroxymethyl)tetrahydro-lH-pyrrol-l-yIJ-2-oxoethyl}-4-
methylbenzene-l-sulphonamide (248) 
To a solution of (2S)-2-hydroxymethylpyrrolidine (0.728 g, 7.20 mrnol) in 
tetrahydrofuran (10 ml) was added (247) (0.250 g, 1.03 mrnol) and concentrated 
sulphuric acid (few drops). The reaction mixture was then refluxed for 5 hours. 
The resulting mixture was washed with an aqueous sodium bicarbonate 
solution, dried over sodium sulphate and concentrated. The crude product was 
purified by column chromatography using silica gel as adsorbent and light petroleum 
(bp 40-60°C)!ethyl acetate as eluent leading to an orange paste (0.308 g, 93%). A 
small sample was recrystallised in ethyl acetate/light petroleum affording yellow 
crystals; mp 115.7-117.4°C; (Found: C, 53.53; H, 6.18; N, 8.58%. C'4H20NOS 
requires C, 53.82; H, 6.45; N, 8.97%); Vmax (film)!cm" 3272 (bs, -OH), 2996 (sp3 
CH), 1637 (C=O), 1438, 1329-1161 (S02-N), 816-661 (p-substituted Ar); OH (250 
MHz; CDCb) 1.56-2.06 (4H, m, CHCH2CH2+CH2CH2N), 2.43 (3H, s, Ar-CH3), 
3.30-3.37 (2H, t, J 7.2, CH2CH2N), 3.40-3.49 (lH, dd, J 7.2, 11.3, CHCH20H), 3.59-
3.67 (lH, bs, CH20B), 3.71-3.76 (2H, d, J 5.0, C(O)CH2NH), 3.95-4.12 (2H, m, 
CH20H), 5.68 (lH, bs, NB), 7.29-7.33 (2H, d, J 8.3, PhH», 7.74-7.78 (2H, d, J 8.3, 
PhH) ; Oc (100 MHz; CDCb) 21.54 (CH3), 24.16 (CH2), 27.82 (CH2), 44.60 (CH2), 
46.81 (CH2), 61.63 (CH), 65.75 (CH2), 127.27 (2 x CH, ~Ph), 127.67 (2 x CH, ~Ph)' 
136.12 (C, ~Ph), 143.75 (C, ~Ph), 167.43 (C=O). 
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2-(But-3-enyloxy)-1-[ (2S)-2-(hydroxymethyl)tetrahydro-lH-pyrrol-l-yIJethan-l-
one (245) 
HO ~ ~o 
o 
To a solution of (243) (0.392 g, 3 mmol) in dichloromethane (15 ml) was added 
oxalyl chloride (1.140 g, 9 mmol) and dimethylformamide (few drops). The solution 
was stirred for 45 minutes at room temperature and then concentrated. 
(2S)-2-hydroxymethylpyrrolidine (0.304 g, 3 mmol) in solution in 
dichloromethane (15 ml) was treated with the formed acid chloride in 
dichloromethane (10 ml) at O°C. The mixture was stirred for 1 hour at O°C and then 
allowed to warm at room temperature and stirred for 2 hours. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and ethyl acetate/light petroleum (bp 40-60°C) as eluent leading to a yellow 
oil (0.179 g, 56%); (Found: M+, 213.13674. CllHI9N03 requires 213.13649) Ymax 
(film)/cm-I 3398 (bs, OH), 2937-2887 (Sp3 CH), 1639 (C=O), 1453 (C-C), 1133 (C-
O); OH (250 MHz; CDCh) 1.54-1.67 (lH, m, CH(H)CH2N), 1.77-2_11 (4H, m, 
CH(H)CH2N+CHCH2CH2+CH2CH(H)N), 2.36-2.44 (2H, q, J 6.7, CH2CH2CH), 3.38-
3.71 (6H, m, CH20H+CH2CH20+CH2CH(H)N+CHCH20H), 4.12 (2H, s, 
C(0)CH20), 4.16-4.23 (1H, m, CH20H), 5.04-5.15 (2H, m, CH2=CH), 5.74-5.92 (1H, 
m, CH2=CH), Oc (100 MHz; CDCh) 24.84 (CH2), 28.14 (CH2), 34.33 (CH2), 4724 
(CH2), 61.91 (CH), 68.87 (CH2), 70.63 (CH2), 71.27 (CH2), 117.00 (CH2), 135.32 
(CH), 170.67 (C=O); mlz (El) 213 (M+, 2), 195 (3), 182 (146), 172 (11), (154 (44), 
143 (48), 128 (24),112 (22),100 (9), 84 (26), 70 (100), 67 (27), 55 (146), 41 (31). 
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l-[(2S)-2-(Hydroxyrnethyl)tetrahydro-lH-pyrrol-l-yIJ-2-(pent-4-enyloxy)ethan-
l-one (246) 
2
HO 
/ 
N---C° 
° 
To a solution of (244) (0.343 g, 2.38 mmol) in dichloromethane (15 ml) was 
added oxalyl chloride (0.915 g, 7.14 mmol) and dimethylformamide (few drops). The 
solution was stirred for 45 minutes and then concentrated. 
(2S)-2-hydroxymethylpyrrolidine (0.241 g, 2.38 mmol) in solution in 
dichloromethane (15 ml) was treated with the formed acid chloride in 
dichloromethane (10 ml) at O°C. The mixture was stirred for I hour at O°C and then 
allowed to warm at room temperature and stirred for 2 hours. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and ethyl acetate/light petroleum (bp 40-60°C) as eluent leading to a yellow 
oil (0.326 g, 60%); (Found: M+, 227.15239. C12HZ1N03 requires 227.15214); V max 
(film)/cm·1 3396 (bs, OH), 3076 (spz CH), 2938-2875 (Sp3 CH), 1640 (C=O), 1454 
(C-C), 1138 (C-O), 911; OH (250 MHz; CDCb) 1.53-1.65 (lH, m, CH(H)CHzN), 
1.67-1.73 (2H, q, J 7.9, OCHzCHzCHz), 1.78-2.05 (4H, rn, 
CH(H)CHzN+CHCHzCH1+CH1CH(H)N), 2.09-2.19 (2H, q, J 7.9, CHzCH=CHz), 
3.38-3.71 (6H, m, OCHzCHz+CHzCH(H)N+CHCHzOH+CHzOH), 4.10 (2H, s, 
C(O)CHzO), 4.15-4.23 (lH, m, OH), 4.94-5.07 (2H, m, CH2=CH), 5.73-5.90 (lH, m, 
CH2=CH); Oc (100 MHz; CDCb) 24.84 (CH2), 28.14 (CH2), 29.06 (CHz), 30.47 
(CH2), 47.12 (CH2), 61.86 (CH), 66.85 (CHz), 70.93 (CH2), 71.38 (CH2), 115.17 
(CH2), 138.36 (CH), 170.70 (C=O); mlz (El) 227 (M+, I), 209 (1.1), 196 (100), 168 
(31),158 (2),143 (36), 138 (3),128 (16),112 (15), 100 (5), 87 (10), 84 (35), 81 (17), 
69 (37), 60 (I), 55 (13), 41 (24). 
- 192-
Experimental 
1-[ (2S)-2-(Hydroxymethyl)tetrahydro-lH-pyrrol-l-yl]dec-9-en-l-one (242) 
~ o 
To a solution of 9-decenoic acid (0.249 g, 1.46 mmol) in dichloromethane (15 
ml) was added oxalyl chloride (0.558 g, 4.39 mmol) and dimethylformamide (few 
drops). The solution was stirred for 45 minute and then concentrated. 
(2S)-2-hydroxymethylpyrrolidine (0.148 g, 1.46 mmol) in solution in 
dichloromethane (15 ml) was treated with the formed acid chloride in 
dichloromethane (10 ml) at O°C. The mixture was stirred for 3 hours at O°C and then 
allowed to warm at room temperature and stirred for 1 hour. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and ethyl acetate/methanol (95:5) as eluent leading to a yellow oil (0.209 g, 
58%); (Found: M+, 253.20405. C!SH27N02 requires 253.20418); Vrnax (film)/cm'! 3390 
(bs, OH), 3076 (Sp2 CH), 2926 (sp3 CH), 1621 (C=O), 1434; DH (250 MHz; CDCh) 
1.33 (8H, s, CH2(CH2)sCH2), 1.54-1.71 (3H, m, CH(H)CH2N+C(O)CH2CH2), 1.75-
2.10 (5H, m, CH(H)CH2N+CH2CH=CH2+CHCH2CH2), 2.26-2.33 (2H, t, J 7.4, 
C(O)CH2CH2), 3.40-3.69 (4H, m, CH20H+CH2CH2N), 4.16-4.27 (lH, m, 
CHCH20H), 4.90-5.03 (2H, m, CH2=CH), 5.25 (lH, s, CH20H), 5.72-5.89 (lH, m, 
CH2=CH); Dc (100 MHz; CDCh) 24.75 (CH2), 25.12 (CH2), 28.64 (CH2), 29.21 
(CH2), 29.61 (CH2), 34.11 (CH2), 35.44 (CH2), 48.48 (CH2), 61.44 (CH), 67.79 (3 x 
CH2), 114.54 (CH2), 139.46 (CH), 174.97 (C=O); m/z (El) 253 (M+, 2), 222 (31),156 
(26),143 (3), 112 (3),102 (3), 84 (5), 70 (100), 55 (10), 41 (10). 
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1-[(2S)-2-(Hydroxymethyl)tetrahydro-1H-pyrrol-l-yl]undec-l O-en-l-one (241) 
To a solution of 10-undecenoic acid (0.455 g, 2.47 mmol) in dichloromethane 
(15 ml) was added oxalyl chloride (0.943 g, 7.41 mmol) and dimethylformamide (few 
drops). The solution was stirred for 45 minutes and then concentrated. 
(2S)-2-hydroxymethylpyrrolidine (0.501 g, 2.47 mmol) in solution in 
dichloromethane (15 ml) was treated with the formed acid chloride in 
dichloromethane (10 ml) at O°C. The mixture was stirred for 1 hour at O°C and then 
allowed to warm till room temperature and stirred for 1 hour. 
The reaction mixture was then washed with an aqueous sodium bicarbonate 
solution (20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). 
The organic phases were combined, dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and ethyl acetate/light petroleum (bp 40-60°C) as eluent leading to a yellow 
oil (0.540 g, 82%); (Found: M+, 267.21986. CJ6H29N02 requires 267.21983); Vmax 
(film)/cm"J 3388 (bs, OH), 3076 (Spl CH), 2925 (Sp3 CH), 1621 (C=O), 1443; OH (250 
MHz; CDCh) 1.24-1.44 (10H, m, CHl(CHl)SCHl), 1.55-1.73 (3H, m, 
CH(H)CHlN+C(O)CHlCHl), 1.80-2.1 ~ (5H, m, CH(H)CHlN+CHlCH=CHl+ 
CHCH2CHl), 2.26-2.33 (2H, t, J 7.4, CCO)CHlCHl), 3.39-3.70 (4H, m, 
CHlOH+CHlCHlN), 4.16-4.26 (IH, m, CHCHlOH), 4.88-5.04 (2H, m, CH2=CH), 
5.10-5.33 (1H, bs, CHlOH), 5.72-5.90 (lH, m, CH2=CH); Oc (100 MHz; CDCh) 
24.80 (CHl ), 25.15 (CHl), 28.70 (CHl ), 29.10 (CHl), 29.30 (CH2), 29.60 (3 x CHl), 
34.20 (CHl), 35.50 (CHl), 48.60 (CHl), 61.40 (CH), 67.90 (CHl ), 114.60 (CHl), 
139.58 (CH), 175.01 (C=O); mlz (El) 267 (M+, 8), 249 (4), 236 (lOO), 156 (8), 143 
(19),125 (5), 102 (16), 84 (74), 70 (25), 55 (72), 49 (98), 41 (60). 
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NI-But-3-enyl-NI-{2-[ (2S)-2-(hydroxymethyl)tetrahydro-IH-pyrrol-l-yIJ-2-oxo-
ethyl}-4-methyl benzene-I-sulphonamide (253) 
A solution of (2S)-2-hydroxymethylpyrrolidine (0.219 g, 2.20 mmol), (250) 
(0.129 g, 0.43 mmol) and sulphuric acid (few drops) in tetrahydrofuran (10 ml) was 
heated at reflux for 48 hours. The solution was then concentrated under reduce 
pressure and the crude product was purified by column chromatography using silica 
gel as adsorbent and ethyl acetate as eluent leading to a colourless oil (0.106 g, 67%); 
(Found: M" 367.16884. C'8Hl6Nl04S requires 367.16916); Vrnax (film)/cm-' 3396 (bs, 
OH), 3078 (Spl CH), 2953-2881 (Sp3 CH), 1654 (C=O), 1454 (C-C), 1337 (SOl-N), 
1158 (C-O), 816-732 (p-substituted Ar); OH (250 MHz; CDCI3) 1.58-1.65 (lH, bq, 
CH(H)CHlN), 1.82-2.06 (3H, m, CH(H)CHlN+CHlCHlCH), 2.26-2.36 (2H, q, J 6.9, 
CHlCH=CHl), 2.42 (3H, s, Ar-CH3), 3.23-3.42 (2H, m, CHlCHlN(Ts», 3.47-3.72 
(3H, m, CHlOH+CHlCH(H)N), 3.97 (3H, m, J 7.4, CHlCH(H)N+C(O)CHlN), 4.46-
4.49 (lH, bd, J 5.5, CHlCHN), 4.99-5.09 (2H, m, CH=CHl), 5.62-5.79 (lH, m, 
CH=CHl ), 7.27-7.31 (2H, d, J 7.6, PhH), 7.69-7.74 (2H, d, J 8, PhH); oe (100 MHz; 
CDCI3) 21.90 (CH3), 24.90 (CHl ), 28.13 (CHl), 33.00 (CHl), 47.89 (CHl ), 48.61 
(CHl ), 50.42 (CH2), 61.94 (CH), 66.83 (CHl ), 117.27 (CHl), 127.61 (2 x CH, ~Ph), 
129.89 (2 x CH, ~Ph), 135.07 (CH), 136.51 (C, ~Ph), 143.95 (C, ~Ph)' 168.86 (C=O). 
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Nl-{2-[(2S)-2-(Hydroxymethyl)tetrahydro-lH-pyrrol-l-yIJ-2-oxo-ethyl}-Nl-pent-
4-enyl-4-methyl benzenesulphonamide (249) 
HO / 2"~' o 
A solution of (2S)-2-hydroxymethylpyrrolidine (1.001 g, 9.88 mrnol), (251) 
(0.615 g, 1.98 rnmol) and sulphuric acid (few drops) in tetrahydrofuran (10 rnl) was 
heated at reflux for 72 hours. The solution was then concentrated and the crude 
product was purified by column chromatography using silica gel as adsorbent and 
ethyl acetate as eluent leading to a colourless oil (0.521 g, 70%); (Found: M+, 
381.18445. C19HzsNz04S requires 381.18481); Vrnax (fiIm)/crn·1 3396 (bs, OH), 3079 
(spz CH), 2953 (Sp3 CH), 1655 (C=O), 1453 (C-C), 1336 (SOz-N), 1160 (C-O), 820-
730 (p-substituted Ar); OH (250 MHz; CD Ch) 1.57-1.70 (2H, q, J7.6, N(Ts)CHzCHz), 
1.82-2.02 (6H, rn, CHzCHzN+CHzCH=CHz+CHCHzCHz), 2.42 (3H, S, Ar-CH3), 
3.12-3.34 (2H, rn, N(Ts)CHzCHz), 3.48-3.69 (4H, m, CH20H+CHzCHzN), 4.07-4.17 
(m, t, J7.2, C(O)CHzN), 4.43-4.48 (lH, bdd, J2.8, 7.5, CHCHzOH), 4.94-5.03 (2H, 
m, CHz=CH), 5.67-5.84 (lH, m, CHz=CH), 7.28-7.31 (2H, d, J 8.1, PhH), 7.69-7.73 
(2H, d, J 8.1, PhH); Oc (100 MHz; CDCh) 21.53 (CH3), 24.57 (CHz), 27.29 (CH2), 
27.89 (CH2), 30.75 (CHz), 47.57 (CHz), 48.48 (CHz), 50.03 (CHz), 61.78 (CH), 66.50 
(CHz), 115.26 (CHz), 127.51 (2 x CH, ~Ph)' 129.56 (2 x CH, ~Ph)' 136.35 CC, ~Ph), 
137.58 (CH), 143.55 (C, ~Ph), 168.55 (C=O). 
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3.2.3.3 Coupling with Merrijield resin 
Resin (254) 
o 
Potassium hydride (0.112 g, 2.80 mmol) was added to a solution of (242) (0.354 
g, 1.40 mmol) in tetrahydrofuran (20ml) at O°C. The solution was stirred for 2 hours 
at O°C. 
The alkoxide solution was added via a cannula to Merrifield resin (1.00 g) in 
solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was then allowed to warm at room temperature and heated up to 80°C. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether. It was 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated under vacuum, diluted with dichloromethane (50 
ml) and washed thoroughly with water. The organic phase was then collected, dried 
on sodium sulphate, filtered and concentrated to afford unreacted (242) (0.308 g, 
58%). From this, the coupling of the resin with (242) was determined to be 42%; V max 
(KBr)!cm-1 3023 (sp2 CH), 2924 (sp3 CH), 1635 (C=O). 
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Resin (255) 
o 
Potassium hydride (0.095 g, 2.38 mmol) was added to a solution of (241) (0.318 
g, 1.19 mmol) in tetrahydrofuran (20ml) at O°C. The solution was then stirred for 2 
hours at O°C. 
The alkoxide solution was added via a cannula to Merrifield resin (0.850 g) in 
solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was then allowed to warm at room temperature and heated up to 80°C. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether. It was 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated under vacuum, diluted with dichloromethane (50 
ml) and washed thoroughly with water. The organic phase was then collected, dried 
on sodium sulphate, filtered and concentrated to afford unreacted (241) (0.154 g, 
48%). From this, the coupling of the resin with (241) was determined to be 52%; V max 
(KBr)/cm-1 3058 (Sp2 CH), 2922 (Sp3 CH), 1639 (C=O), 1492 (C-O). 
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Resin (256) 
o 
CN~O~ 
cl 
d 
Potassium hydride (0.112 g, 2.80 mmol) was added to a solution of (245) (0.298 
g, 1.40 mmol) in tetrahydrofuran (20ml) at O°C. The solution was then stirred for 2 
hours at O°C. 
The alkoxide solution was added via a cannula to Merrifield resin (1.00 g) in 
solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was then allowed to warm at room temperature and heated up to 80°C. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethy1 ether. It was 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated under vacuum, diluted with dichloromethane (50 
ml) and washed thoroughly with water. The organic phase was then collected, dried 
on sodium sulphate, filtered and concentrated to afford unreacted (245) (0.112 g, 
38%). From this, the coupling of the resin with (245) was determined to be 62%; Vrnax 
(KBr)/cm·1 3023 (Sp2 CH), 2920 (Sp3 CH), 1635 (C=O), 1492 (C-O). 
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Resin (257) 
o 
CN~O~ 
cl 
d 
Potassium hydride (0.115 g, 2.80 mmol) was added to a solution of (246) (0.326 
g, 1.40 mmol) in tetrahydrofuran (20ml) at O°C. The solution was then stirred for 2 
hours at O°C. 
The alkoxide solution was added via a cannula to Merrifield resin (1.00 g) in 
solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was allowed to warm at room temperature and then heated up to 80°C. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether. It was 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated under vacuum, diluted with dichloromethane (50 
ml) and washed thoroughly with water. The organic phase was then collected, dried 
on sodium sulphate, filtered and concentrated under vacuum to afford unreacted (246) 
(0.048 g, 8%). From this, the coupling of the resin with (246) was determined to be 
92%; V max (KBr)/cm-1 3023 (Sp2 CH), 2920 (sp3 CH), 1635 (C=O), 1492 (C-O). 
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Resin (258) 
o 
CN~~~ 
cl 
ci 
Potassium hydride (0.092 g, 2.48 mmol) was added to a solution of (253) (0.457 
g, 1.24 mmol) in tetrahydrofuran (20ml) at O°C. The solution was then stirred for 2 
hours at O°C. 
The alkoxide solution was added via a cannula to Merrifield resin (0.92 g) in 
solution in dimethylformamide (20 ml)in the presence of 18-crown-6. The mixture 
was then allowed to warm at room temperature and eated up to 80°C. The reaction 
mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether. It was 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated under vacuum, diluted with dichloromethane (50 
ml) and washed thoroughly with water. The organic phase was then collected, dried 
on sodium sulphate, filtered and concentrated to afford unreacted (253) (0.134 g, 
15%). From this, the coupling of the resin with (253) was determined to be 85%; Vmax 
(KBr)/cm·1 3057 (sp2 CH), 2920 (Sp3 CH), 1655 (C=O), 1491 (C-O). 
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Resin (259) 
Potassium hydride (0.102 g, 2.56 mmol) was added to a solution of (249) (0.487 
g, 1.28 mmol) in tetrahydrofuran (20ml) at O°C. The solution was then stirred for 2 
hours at O°C. 
The alkoxide solution was added via a cannula to Merrifield resin (0.920 g) in 
solution in dimethylformamide (20 ml) in the presence of 18-crown-6. The mixture 
was then allowed to warm at room temperature and heated up to 80°C. The reaction 
. mixture was then gently stirred for 3 days. 
After reaction, the resin was filtered and successively washed with 
dimethylformamide, ethanol, ethyl acetate, dichloromethane and diethyl ether and 
then dried under vacuum at high temperature (50°C). 
The filtrate was concentrated under vacuum, diluted with dichloromethane (50 
ml) and washed thoroughly with water. The organic phase was then collected, dried 
on sodium sulphate, filtered and concentrated to afford unreacted (249) (0.090 g, 
18%). From this, the coupling ofthe resin with (249) was determined to be 82%; Vrnax 
(KBr)/cm-1 3057 (Sp2 CH), 2920 (sp3 CH), 1652 (C=O), 1491 (C-O). 
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3.2.3.4 Formation o/the iminium salt onto resin 
Resin (260) 
Resin (254) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.030 g, 0.253 mmol) was then added and the reaction mixture 
was heated at reflux. A solution of trifluoromethanesulphonic anhydride (0.071 g, 
0.253 mmol) in dichloromethane (5 ml) was then slowly added and the reaction 
mixture refluxed for 24 hours. 
After reaction, the solution was cooled down, the resin filtered and washed 
successively with dimethylformamide, ethanol, ethyl acetate, dichloromethane and 
diethyl ether and then dried under vacuum at high temperature (50°C); Vmax (KBr)/ 
cm-! 3025 (Sp2 CH), 2935 (Sp3 CH), 1734 (iminium salt). 
Resin (261) 
Resin (255) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.1 04 g, 0.86 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (0.242 g, 0.86 
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mmol) in dichloromethane was then slowly added and the reaction mixture refluxed 
for 24 hours. 
After reaction, the solution was cooled down, the resin filtered and washed 
successively with dimethylfonnamide, ethanol, ethyl acetate, dichloromethane and 
diethyl ether and then dried under vacuum at high temperature (50°C); Vrnax (KBr)/ 
cm·l 3024 (Sp2 CH), 2922 (Sp3 CH), 1734 (iminium salt). 
Resin (262) 
Resin (256) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.153 g, 1.26 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (0.355 g, 1.26 
mmol) in dichloromethane (5 ml) was then slowly added and the reaction mixture 
refluxed for 24 hours. 
After reaction, the solution was cooled down, the resin filtered and washed 
successively with dimethylfonnamide, ethanol, ethyl acetate, dichloromethane and 
diethyl ether and then dried under vacuum at high temperature (50°C); Vrnax (KBr)/ 
cm·l 3022 (sp2 CH), 2927 (sp3 CH), 1732 (iminium salt). 
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Resin (263) 
Resin (257) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.194 g, 1.60 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (0.451 g, 1.60 
mmol) in dichloromethane (20 ml) was then slowly added and the reaction mixture 
refluxed for 24 hours. 
After reaction, the solution was cooled down, the resin filtered and washed 
successively with dimethylformamide, ethanol, ethyl acetate, dichloromethane and 
diethyl ether and then dried under vacuum at high temperature (50°C); Vmax (KBr)/ 
cm'\ 3024 (Sp2 CH), 2922 (Sp3 CH), 1734 (iminium salt). 
Resin (264) 
Resin (258) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.153 g, 1.26 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (0.355 g, 1.26 
mmol) in dichloromethane (5 ml) was then slowly added and the reaction mixture 
refluxed for 24 hours. 
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After reaction, the solution was cooled down, the resin filtered and washed 
successively with dimethylformamide, ethanol, ethyl acetate, dichloromethane and 
diethyl ether and then dried under vacuum at high temperature (50°C); Vmax (KBr)/ 
cm-1 3022 (Sp2 CH), 2927 (sp3 CH), 1732 (iminium salt). 
Resin (265) 
Resin (259) was gently swelled in dichloromethane (20 ml) for 2 hours. 2,4,6-
Trimethylpyridine (0.153 g, 1.26 mmol) was then added and the reaction mixture was 
heated up till reflux. A solution oftrifluoromethanesulphonic anhydride (0.355 g, 1.26 
mmol) in dichloromethane (5 ml) was then slowly added and the reaction mixture 
refluxed for 24 hours. 
After reaction, the solution was cooled down, the resin filtered and washed 
successively with dimethylformamide, ethanol, ethyl acetate, dichloromethane and 
diethyl ether and then dried under vacuum at high temperature (50°C); Vmax (KBr)/ 
cm-1 3022 (Sp2 CH), 2927 (Sp3 CH), 1732 (iminium salt). 
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3.3 INVESTIGATION INTO THE DEAROMATISATION OF THE 
ISOINDOLINONE RING SYSTEM 
3.3.1 Dearomatisation of simple isoindolinone system 
3.3.1.1 Amino-alcohol synthesis 
(R)-Phenylglycinol128 
,I;.. solution of cholorotrimethylsilane (43.12 g, 0.396 mol) was added under 
" ,'nitrogen to lithium borohydride (4.32 g, 0.198 mol) in dry tetrahydrofuran (100 ml) 
over 2 minutes. (R)-Phenylglycine (10.00 g, 0.066 mol) was slowly added to the 
solution over 5 minutes and the mixture stirred for 24 hours at room temperature. 
Methanol was then added slowly and the solvent removed. The residue was treated 
with a 20% potassium hydroxide solution (50 ml) and extracted with dichloromethane 
(3 x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated to yield yellow/white crystals. Recrystallisation in diethyl etherlhexane 
afforded white needles (6.78 g, 75%); [a]D -27.74 (c 1.86, MeOH) (lit.128 [a]D -27 (c 
5, MeOH»; V max (film)/cm-' 3410 (NH2), 3040 (Sp2 CH), 2916 (Sp3 CH), 800-702 (Ar 
substitution); OH (250 MHz; CDCb) 2.73 (2H, bs, NH2), 3.47-3.56 (JH, dd, J 8.5, 
10.8, CH20H), 3.65-3.72 (JH, dd, J 4.2, 10_9, CH20H), 3.97-4.02 (IH, m, CH(Ph», 
7.24-7.34 (5H, m, PhH); Oc (lOO MHz; CDCb) 57.41 (CH), 67.81 (CH2), 126.57 (2 x 
CH, q,Ph), 127.43 (CH, q,Ph), 128.55 (2 x CH, q,Ph), 142.51 (C, q,Ph). 
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(S)_PhenylglycinoI129 
A solution of cholorotrimethylsiIane (21.47 g, 0.198 mol) was added under 
nitrogen to lithium borohydride (2.87 g, 0.132 mol) in dry tetrahydrofuran (lOO ml) 
over 2 minutes. (S)-Phenylglycine (l0.00 g, 0.066 mol) was slowly added to the 
solution over 5 minutes and the mixture stirred for 24 hours at room temperature. 
Methanol was then added slowly and the solvent removed. The residue was treated 
with a 20% potassium hydroxide solution (50 ml) and extracted with dichloromethane 
(3 x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated to yield yellow/white crystals. RecrystaIlisation in diethyl etherlhexane 
afforded yellow oil (7.01 g, 77%); [a]D +28.54 (c 1.86, MeOH) (lit.!29 [a]D +26.5 (c 
1, MeOH)); Vrnax (film)/cm·1 3330 (NH2), 3040 (Sp2 CH), 2900 (Sp3 CH), 800-690 (Ar 
substitution); cit(250 MHz; CDCh) 2.80 (2H, bs, NH2), 3.50-3.55 (lH, dd, J 6.0, 
11.6, CH20H), 3.61-3.67 (lH, dd, J 8.9, 11.6, CH20H), 3.98-4.05 (lH, rn, CH(Ph)), 
7.25-7.39 (5H, m, PhH); Cc (lOO MHz; CD Ch) 58.21 (CH), 64.56 (CH2), 126.41 (2 x 
CH, ~Ph)' 126.98 (CH, ~Ph)' 127.21 (2 x CH, ~Ph), 142.50 (C, ~Ph)' 
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3.3.1.2 r-tricyclic lactams 
(3R,9bS)-9b-Methyl-3-phenyl-2,3,S,9b-tetrahydro[I,3]oxazolo[2,3-a]isoindol-S-
one (268a)I16d 
(R)-Phenylglycinol (1.00 g, 7.29 mmol) and 2-acetylbenzoic acid (1.44 g, 8.75 
mmol) were slurried in toluene (100 m!). The mixture was then heated at reflux under 
Dean-Stark conditions for 48 hours. The crude mixture was concentrated and purified 
by column chromatography using silica gel as adsorbent and ethyl acetate/light 
petroleum (bp 40-60°C) (2:1) as eluent leading to a white solid (1.767 g, 91%). 
Recrystallisation of a small amount in hexane/diethyl ether afforded white crystals; 
-[aID -115.65 (c 1.00, dichloromethane) (Lit.1l6d [aID -123.7 (c 3.07, 
dichloromethane»; mp 128-131°C (Lit,1l6d mp 119-121°C); Vmax (film)/cm-1 3060 (sp2 
CH), 2982 (sp3 CH), 1708 (C=O), 1018 (C-O-C), 766-666 (Ar substitution); liH (250 
MHz; CDCh) 1.72 (3H, s, C(CH3», 4.33-4.39 (lH, t, J7.2, OCH2CH), 4.78-4.85 (lH, 
t, J 8.3, OCH2CH), 5.28-5.35 (lH, t, J 7.4, NCH(Ph», 7.31-7.40 (5H, m, PhH), 7.54-
7.65 (3H, m, PhtH), 7.80-7.84 (lB, d, J 7.2, PhtH) eH-NMR in agreement1l6d with 
literature); lie (lOO MHz; CDCh) 22.58 (CH3), 58.57 (CH), 76.47 (CH2), 99.62 
(C(Me)(O», 122.67 (CH, ~lactam), 124.88 (CH, ~lactam)' 126.09 (2 x CH, ~Ph)' 127.90 
(CH, ~Ph)' 129.17 (2 x CH, ~Ph), 130.77 (CH, ~lactam), 131.97 (C, ~lactam), 133.77 (CH, 
~lactam), 140.65 (C, ~Ph), 147.33 (C, ~lactam), 174.69 (C=O). 
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(3S,9bR)-9b-Methyl-3-phenyl-2,3,5,9b-tetrahydro[I,3]oxazolo[2,3-a]isoindol-5-
one (268b )1I6b 
(S)-Phenylglycinol (2.08 g, 15.15 mmol) and 2-acetylbenzoic acid (2.49 g, 
15.15 mmol) were slurried in toluene (10 ml). The mixture was then heated at reflux 
under Dean-Stark conditions for 48 hours. The crude mixture was concentrated and 
purified by column chromatography using silica gel as adsorbent and ethyl 
acetatellight petroleum (bp 40-60°C) (1 :2) as eluent leading to white solid (3.39 g, 
84%). Recrystallisation of small amount in hexane/diethyl ether afforded white 
crystals; [aID +115.34 (c 1.54, dichloromethane) (Lit. 116d [aID -123.7 (c 3.07, 
dichloromethane),' (3R,9bS) isomer); mp 128-131°C (Lit.1l6d mp 119-121 °C, (3R,9bS) 
isomer); Vmax (film)/cm·1 3036 (Sp2 CH), 2982 (Sp3 CH), 1705 (C=O), 1014 (C-O-C), 
752-659 (Ar substitution); OH (400 MHz; CDCh) 1.72 (3H, s, C(CH3», 4.33-4.37 
(lH, dd, J6.8, 8.8, OCH2CH), 4.79-4.84 (lH, t, J 8.4, OCH2CH), 5.29-5.33 (lH, t, J 
8.0, CH2CH(Ph», 7.28-7.30 (lH, m, PhH), 7.37-7.40 (4H, m, PhH), 7.54-7.64 (3H, 
m, PhtH), 7.80-7.83 (lH, d, J7.6, PhtH) eH-NMR in agreement130 with literature); Oc 
(100 MHz; CDCh) 22.58 (CH3), 58.57 (CH), 76.47 (CH2), 99.61 (C(CH3)(O», 122.67 
(CH, ~lactam), 124.87 (CH, ~lactam), 126.09 (2 x CH, ~Ph), 127.90 (CH, ~Ph)' 129.17 (2 x 
CH, ~Ph)' 130.76 (CH, ~lactam), 131.98 (C, ~lactam), 133.77 (CH, ~lactam), 140.67 (C, ~Ph)' 
147.34 (C, ~lactam), 174.67 (C=O). 
- 210-
Experimental 
(3R,9bS)-3,9b-Diphenyl-2,3,5,9b-tetrahydro[1,3)oxazolo[2,3-a)isoindol-5-one 
(269a)130 
(R)-Phenylglycinol (0.945 g, 6.89 mmol) and benzophenone-2-carboxylic acid 
(1.87 g, 8.26 mmol) were slurried in toluene (10 ml). The mixture was then heated at 
reflux under Dean-Stark conditions for 48 hours. The crude mixture was concentrated 
and purified by column chromatography using silica gel as adsorbent and ethyl 
acetate/light petroleum (bp 40-60°C) as eluent (1:1) leading to a white solid (2.12 g, 
94%). Recrystallisation of a small amount in hexane/diethyl ether afforded white 
crystals; [aID -261.01 (c 1.68, dichloromethane) (Lit. 116d [aID +282.0 (c 3.07, 
dichloromethane) for (3S,9bR) isomer); mp 102-104°C (Lit.130 mp 104-106°C); Vmax 
(fiIm)/cm-1 3059 (Sp2 CH), 2960 (sp3 CH), 1720 (C=O), 752-659 (Ar substitution); OH 
(250 MHz; CDCI3) 4.15-4.27 (lH, t, J 8.8, OCH2CH), 4.86-4.94 (lH, t, J 8.6, 
OCH2CH), 5.24-5.30 (IH, t, J 8.3, NCH(Ph», 7.16-7.37 (10H, m, PhH), 7.47-7.51 
(3H, m, PhtH), 7.82-7.85 (lH, m, PhtH) eH-NMR in agreement130 with literature); oe 
(100 MHz; CD Cb) 60.37 (CH), 77.17 (CH2), 102.18 (C(Ph)O), 124.09 (CH, $Iactam), 
124.92 (CH, $Iactam), 126.40 (2 x CH, $Ph), 127.15 (2 x CH, $Ph), 127.87 (CH, $Ph), 
128.89 (2 x CH, $Ph), 129.06 (CH, $Ph), 129.20 (2 x CH, $Ph), 130.66 (CH, $Iactam), 
131.32 (C, $Iactam), 133.88 (CH, $Iactam), 138.78 (C, $Ph), 139.38 (C, $Ph), 147.86 (C, 
$Iactam), 175.81 (C=O). 
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3.3.1.3 Ring opening reaction 
(3R)-2- [(lR)-2-Hydroxy -1-phenylethyIJ-3-methyl-2,3-dihydro-lH-isonindol-l-one 
(271a)116d 
ceo ;-OH I . N-+Ph / ' , H 
f"e 
(268a) (3.00 g, 11.23 mrnol) was dissolved in dichloromethane (40 ml) under 
nitrogen. The mixture was cooled to _78°C and 1.5 eq. of titanium tetrachloride (3.20 
g, 16.85 mrnol) was slowly added and the mixture stirred for 10 minutes. 
Triethylsilane (1.97 g, 16.85 mmol) w~s then added and the mixture stirred for 30 
minutes at _78°C. The reaction mixture was then allowed to warm at room 
temperature and stirred for 20 hours. 
The mixture was then washed with an aqueous ammonium chloride solution (20 
ml). The aqueous phase was extracted with dichloromethane (2 x 50 m!). The 
combined organic phases were dried over sodium sulphate and purified by column 
chromatography using silica gel as adsorbent and ethyl acetate/light petroleum (bp 40-
60°C) (1:2) as eluent leading to a colourless oil (2.74 g, 91%); [aJD +83.31 (c 4.23, 
dichloromethane) (Lit. l2l [aJo +84.0 (c 0.9, dichloromethane»; Vrnax (film)/cm-1 3382 
(bs, OH), 3087 (Sp2 CH), 2975 (Sp3 CH), 1666 (C=O), 760-700 (Ar substitution); OH 
(250 MHz; CDCI3) 1.44 (3H, d, J 6.7, CH(CH3», 4.08-4.17 (JH, m, CH20H), 4.31-
4.40 (JH, q, J 6.7, CH(CH3», 4.45-4.53 (IH, m, CH(Ph», 4.75-4.80 (lH, dd, J 3.3, 
7.9, CH20H), 4.91-4.98 (JH, t, J 7.4, CH20H), 7.26-7.35 (5H, m, PhH), 7.45-7.59 
(3H, m, PhtH), 7.88 (JH, d, J 7.6, PhtH) (lH-NMR in agreementl16d with literature); 
oe (lOO MHz; CDCh) 18.71 (CH3), 57.33 (CH), 62.65 (CH), 64.98 (CH2), 122.31 
(CH, ~lactam), 124.20 (CH, ~lactarn), 127.60 (2 x CH, ~Ph), 128.36 (CH, ~Ph), 128.69 
(CH, ~lactarn), 129.26 (2 x CH, ~Ph), 132.12 (C, ~lactarn), 132.35 (CH, ~lactam), 138.35 (C, 
~Ph), 147.43 (C, ~lactarn), 170.00 (C=O). 
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(3S)-2-[(1S)-2-Hydroxy-l-phenylethyl]-3-methyl-2,3-dihydro-lH-isoindol-l-one 
(271b)I16b 
(268b) (1.00 g, 3.77 mmol) was dissolved in dichloromethane (40 ml) under N l . 
The mixture was cooled to _78°C and 1.5 eq. of titanium tetrachloride (1.07 g, 5.66 
mmol) was slowly added and the mixture stirred for 10 minutes. Triethylsilane (0.658 
g, 5.66 mmol) was then added and the mixture stirred for 30 minutes _78°C. The 
reaction mixture was then allowed to warm at room temperature and stirred for 20 
hours. 
The mixture was then washed with an aqueous ammonium chloride solution (20 
ml). The aqueous phase was extracted with dichloromethane (2 x 50 ml). The 
combined organic phases were dried over sodium sulphate and purified by colurun 
chromatography using silica gel as adsorbent and ethyl acetate/light petroleum (bp 40-
60°C) (1:2) as eluent leading to a colourless oil (0.747 g, 74%); [a]D -83.08 (c 0.26, 
dichloromethane) (Lit. l2l [ab +84 (c 0.9, dichloromethane), (3R, lR) isomer); Vrnax 
(film)/cm-1 3348 (bs, OH), 3060 (Spl CH), 2877 (Sp3 CH), 1666 (C=O), 760-646 (Ar 
substitution); OH (400 MHz; CDCh) 1.43-1.45 (3H, d, J 6.8, CH(CH3», 4.1 0-4.17 
(\H, m, CHlOH), 4.33-4.39 (IH, q, J 6.8, CH(CH3», 4.46-4.51 (\H, m, CH(Ph», 
4.78-4.82 (lH, dd, J 3.6, 8.0, CH20H), 4.96-5.00 (lH, t, J 7.4, CHlOH), 7.25-7.36 
(5H, m, PhH), 7.45-7.50 (2H, m, PhtH), 7.56-7.58 (\H, t, J7.2, PhtH), 7.85-7.88 (lH, 
d, J7.2, PhH) eH-NMR in agreement130 with literature); Oc (100 MHz; CDCh) 18.75 
(CH3), 57.33 (CH), 62.49 (CH), 64.90 (CHl), 122.34 (CH, ~lactarn), 124.18 (CH, 
~lactam), 127.60 (2 x CH, ~Ph), 128.35 (CH, ~Ph), 128.69 (CH, ~lactam), 129.25 (2 x CH, 
~Ph), 132.08 (C, ~lactarn), 132.37 (CH, ~lactam),138.36 (C, ~Ph)' 147.43 (C, ~lactam), 
170.03 (C=O). 
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(3R)-2- [(IR)-2-Hydroxy -I-ph enylethyl]-3-phenyl-2,3-dihydro-IH-isoindol-I-one 
(272ai30 
ceo ;-OH I .N-t-Ph ~ ~ \ H 
Ph 
(269a) (3.79 g, 11.58 mmol) was dissolved in dichloromethane (40 ml) under 
nitrogen. The mixture was cooled to _78°C and 1.5 eq. of titanium tetrachloride (3.29 
g, 17.37 mmol) was slowly added and the mixture stirred for 10 minutes. 
Triethylsilane (2.03 g, 17.37 mmol) was then added and the mixture stirred for 30 
minutes -78°C. The reaction mixture was then allowed to warm at room temperature 
and stirred for 20 hours. 
The mixture was then washed with an aqueous ammonium chloride solution (20 
ml). The aqueous phase was extracted with dichloromethane (2 x 50 ml). The 
combined organic phases were dried over sodium sulphate and purified by column 
chromatography using silica gel as adsorbent and ethyl acetate/light petroleum (bp 40-
60°C) (2:3) as eluent leading to a colourless oil (2.99 g, 78%); [aID -82.45 (c 1.47, 
dichloromethane) (Lit. 116d [aID +84.8 (c 3.28, dichloromethane), (3S, IS) isomer); 
Vmax (film)/cm·1 3420 (bs, OH), 3063 (Sp2 CH), 2936 (Sp3 CH), 1670 (C=O), 760-699 
(Ar substitution); OH (250 MHz; CDCb) 4.02-4.09 (!H, m, CH20H), 4.29-4.39 (!H, 
m, CH20H), 4.97-5.03 (lH, t, J 7.9, CH(Ph)CH2), 5.21 (!H, s, CH (Ph», 7.05-7.36 
(13H, m, PhH+PhtH), 7.91-7.95 (!H, m, PhtH) (IH-NMR in agreementl30 with 
literature); oe (100 MHz; CDCb) 63.22 (CH), 64.95 (CH2), 66.36 (CH), 123.51 (CH, 
<Plactam), 124.15 (CH, <Plaetam), 127.85 (2 x CH, <PPh), 128.15 (2 x CH, <PPh), 128.36 (CH, 
<pPh), 128.91 (CH, <pPh), 129.23 (2 x CH, <pPh), 129.33 (CH, <plactam), 129.71 (2 x CH, 
<PPh), 131.90 (C, <Plactam), 132.72 (CH, <Plaetam), l36.93 (C, <PPh), 138.44 (C, <PPh), 146.87 
(C, <Plactam), 170.64 (C=O). 
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3.3.1.4 Removal of the phenylglycinol template 
(2R)-2-[(lR)-l-Methyl-3-oxo-2,3-dihydro-lH-isoindol-2-ylJ-2-
phenylethylmethane sulphonate (276)1I6d 
Experimental 
A solution of (271a) (2.15 g, 8.04 mmol) in dichloromethane (40 rnl) and 
triethylamine (0.977 g, 9.65 mmol) at O°C was treated with methanesulphonylchloride 
(1.11 g, 9.65 mrnol) and the solution stirred for 3 hours at O°C. The solution mixture 
was diluted with water (20 ml) and extracted with dichloromethane (3x20 ml). The 
combined organic phases were washed with hydrochloric acid (2N), dried over 
sodium sulphate and concentrated to afford a colourless oil (2.73 g, 98%). No further 
purification was needed; [a]D +34.34 (c 3.39, dichloromethane) (Lit. 1J6d [a]D +30.61 
(c 3.69, dichloromethane)); Vrnax (filrn)/crn-1 3027 (Sp2 CH), 2931 (sp3 CH), 1660 
(C=O), 1358 (-OS02-), 1195 (-OS02-), 791-699 (Ar substitution); OH (250 MHz; 
CDCb) 1.46-1.50 (3H, d, J 6.7, CH(CH3)), 3.00 (3H, s, CH3S02), 4.46-4.55 (lH, q, J 
6.7, CH(CH3)), 4.80-4.86 (lH, dd, J 5.6, 10.2, CH20), 5.01-5.07 (lH, dd, J5.8, 9.0, 
CH20), 5.53-5.61 (lH, t, J 9.7, CH(Ph)), 7.33-7.60 (8H, rn, PhH+PhtH), 7.82-7.86 
(lH, d, J7.2, PhtH) eH-NMR in agreementlJ6d with literature); Oc (lOO MHz; CDCb) 
19.22 (CH3), 37.81 (CH3), 56.94 (CH), 57_77 (CH), 64.10 (CH2), 122.34 (CH, $Iactarn), 
124.14 (CH, $Iactam), 127.60 (CH, $Iactam), 128.00 (2 x CH, $Ph), 128.43 (CH, $Iactarn), 
128.73 (CH, $Ph), 129.30 (2 x CH, $Ph), 131.86 (C, $Iactam), 132.52 (C, $Ph), 147_58 (C, 
$Iactam), 171.17 (C=O)_ 
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(3R)-3-Methyl-2-(I-phenyleth-l-enyl)-2,3-dihydro-1H-isoindol-l-one (277)116d 
cc$-{ 
k1e 
A solution of (276) (2.73 g, 7.90 mmol) in a 1:1 mixture of dichloromethane 
and ethanol (50 ml) was treated with sodium ethoxide (3.22 g, 47.40 mmol) and the 
mixture stirred for 4 hours at room temperature. The solution mixture was then 
concentrated, diluted with dichloromethane (20 ml) and washed with an aqueous 
sodium bicarbonate solution. The aqueous phase was washed with dichloromethane (2 
x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated to afford an orange oil (1.98 g, 99%). Due to the sensitive nature of this 
compound, no further purification was attempted and the crude product was promptly 
used in subsequence reaction; [a]D +15.41 (c 0.13, dichloromethane) (Lit. 116d [a]D 
+17.8 (c 0.87, dichloromethane»; OH (250 MHz; CDCh) 1.38 (3H, d, J 6.8, 
CH(CH3», 4.75-4.83 (lH, q, J 6.8, CH(CH3», 5.45 (lH, s, C=CH2), 5.69 (lH, s, 
C=CH2), 7.18-7.63 (8H, m, PhH+PhtH), 7.90 (lH, d, J 7.6, PhtH) (IH-NMR in 
agreement116d with literature); oc (lOO MHz; CDCh) 18.43 (CH), 58.84 (CH), 112.47 
(CH2), 122.08 (CH, ~Iactam), 124.29 (CH, ~Iactam), 124.29 (CH, ~Iactam), 126.58 (2 x CH, 
~Ph), 128.32 (CH, ~Ph)' 128.67 (2 x CH, ~Ph), 131.55 (C, ~Iactam), 132.05 (CH, ~Iactam), 
136.90 (C, ~Ph), 141.39 (C=CH2), 146.57 (C, ~Iactam), 167.39 (C=O). 
(3R)-3-methyl-2,3-dihydro-1H-isoindol~l-one (278a)116d 
o 
cQ" Me 
(271a) (0.215 g, 0.80 mmol) Was dissolved in the minimum amount of 
dichloromethane and added to concentrated sulphuric acid (10 ml) at 90°C. The 
solution was then stirred for 2 minutes. It was then cooled down, poured into cold 
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water (100 ml) and extracted with ethyl acetate (3 x 20 m!). The combined organic 
phases were dried over sodium sulphate and concentrated. The crude mixture was 
purified by column chromatography using silica gel as adsorbent and ethyl 
acetate/light petroleum (bp 40-60°C) (2: 1) as eluent leading to a white solid (0.035 g, 
30%); HPLC experiment showed an enantiomeric excess of 99%; [a.]D +43.30° (c 
0.32, methanol) (Lit.1I8d [a.]D -89.7 (c 1.7, dichloromethane)); mp 128-130°C (Lit. 1I6d 
mp 129-133°C); OH (250 MHz; CDCb) 1.51-1.53 (3H, d, J 6.8, CH(CH3)), 4.68-4.74 
(lH, q, J 6.8, CH(CH3)), 7.42-7.59 (3H, m, PhtH), 7.84-7.87 (lH, d, J 7.6, PhtH), 
7.96 (IH, bs, NH) (IH-NMR in agreement1I6d with literature); oe (lOO MHz; CDCh) 
20.28 (CH3), 52.99 (CH), 122.21 (CH, ~Iactam), 123.67 (CH, ~Iactam), 128.04 (CH, 
~Iactam), 131.74 (C, ~Iactam), 131.84 (CH, ~Iactam), 149.00 (C, ~Iactam), 171.17 (C=O). 
(3S)-3-Methyl-2,3-dihydro-lH-isoindol-l-one (278b )130 
~" 
Me 
(27lb) (0.600 g, 2.25 mmol) Was dissolved in the minimum amount of 
dichloromethane and added to concentrated sulphuric acid (l0 ml) at 90°C. The 
solution was then cooled down, poured into cold water (lOO ml) and extracted with 
ethyl acetate (3 x 20 ml). The combined organic phases were dried over sodium 
sulphate and concentrated. The crude mixture was purified by column 
chromatography using silica gel as adsorbent and ethyl acetate/light petroleum (bp 40-
60°C) (2:1) as eluent leading to a white solid (0.080 g, 24%); HPLC experiment 
showed an enantioselective excess of 99%; [a.]D -40.10 (c 1.01, methanol) (Lit. 116d 
[a]D -89.7 (c 1.7, dichloromethane), (3R) isomer); mp 127-132°C (Lit.130 mp 129-
maC); OH (250 MHz; CDCh) 1.51-1.54 (3H, d, J 6.7, CH(CH3)), 4.67-4.76 (lH, q, J 
6.7 Hz, CH(CH3)), 7.42-7.61 (3H, m, PhtH), 7.83-7.87 (lH, d, J7.6, PhtH), 8.05 (lH, 
bs, NH); oe (lOO MHz; CD Ch) 20.26 (CH3)), 52.71 (CH), 122.21 (CH, ~Iactam), 
123.67 (CH, ~Iactam), 128.05 (CH, ~Iactam), 131.68 (CH, ~Iactam), 131.85 (C, ~Iactam), 
149.00 (C, ~Iactam), 171.18 (C=O). 
- 217 -
(3R)-3-Phenyl-2,3-dihydro-lH-isoindol-l-one (279a)130 
o 
cQN" 
b 
Experimental 
(272a) (0.506 g, 1.54 mmol) Was dissolved in the mInImum amount of 
dichloromethane and added to concentrated sulphuric acid (10 ml) at 90°C. The 
solution was then stirred for 2 minutes. It was then cooled down, poured into cold 
water (lOO ml) and extracted with ethyl acetate (3 x 20 ml). The combined organic 
phases were dried over sodium sulphate and concentrated. The crude mixture was 
purified by column chromatography using silica gel as adsorbent and ethyl 
acetate/light petroleum (bp 40-60°C) (l: 1) as eluent leading to white solid (0.062 g, 
20%). HPLC experiment showed an enantioselective excess of 66%; [a]D -159.00 (c 
0.32, methanol) (Lit. 116d [a]D +230.0 (c 2.0, DMSO), (3S) isomer, 96% e.e.); mp 220-
223°C (Lit.116d mp 221-224°C, (3S) isomer); OH (400 MHz; CDCb) 5.21 (lH, s, 
CH(Ph)), 7.18-7.20 (lH, m, PhtH), 7.34-7.37 (5H, m, PhH), 7.47-7.50 (2H, m, PhtH), 
7.92-7.94 (lH, m, PhtH) ('H-NMR in agreement130 with literature); Oc (100 MHz; 
CDCb) 62.98 (CH), 123.10 (CH, ~'actam), 123.77 (CH, ~'actam), 128.52 (CH, ~'actam), 
128.84 (2 x CH, ~Ph), 128.93 (CH, ~Ph), 129.31 (2 x CH, ~Ph), 131.50 (C, ~Ph) 132.31 
(CH, ~'actam), 136.51 (C, ~'actam), 146.45 (C, ~'actam), 170.25 (C=O). 
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3.3.1.5 Introduction of a protecting group 
2,3-Dimethy 1-2 ,3-dihydro-1H-isoindol-1-one (108)61< 
o 
o:?-.. 
Me 
A solution of (279a) (0.073 g, 0.49 mmol) was dissolved in dimethylformamide 
(10 ml) and cooled down to O°C. Sodium hydride in dispersion (0.018 g, 0.73 mmol) 
was then added and stirred for 15 minutes. Methyl Iodide (0.104 g, 0.73 mmol) was 
added and the mixture was heated at 90°C and stirred for 3 hours. It was then cooled 
down, diluted with dichloromethane (30 ml) and washed with water (3 x 20 ml). The 
organic phase was dried over sodium sulphate and concentrated. The crude product 
was purified by column chromatography using silica gel as adsorbent and ethyl 
acetate/light petroleum (bp 40-60°C) (1:2) as eluent leading to a yellow oil (0.076 g, 
97%); (Found M+, 161.08406. ClOHllNO requires 161.08406); V max (film)/cm'! 3049 
(sp2 CH), 2973 (Sp3 CH), 1686 (C=O), 762-694 (Ar substitution); OH (400 MHz; 
CDCh) 1.45 (3H, d, J 6.8, CH(CH3)), 3.11 (3H, s, NCH3), 4.04-4.44 (JH, q, J 6.8, 
CH(CH3)), 7.28-7.81 (3H, m, PhtH), 7.82 (lH, d, J7.6, PhtH); Oc (lOO MHz; CDCh) 
17.97 (CH3), 26.96 (CH3), 57.62 (CH), 121.80 (CH, ~\act"")' 123.45 (CH, ~!actam), 
128.06 (CH, ~Iactam), 131.74 (CH, ~Iactam), 132.00 (C, $Iactam), 146.75 (C, $Iactam), 
168.07 (C=O); mlz 161 (M+, 21), 146 (lOO), 132 (2), 118 (6), 103 (5),91 (24),77(9), 
51 (4). 
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2,3,3-Trimethyl-2,3-dihydro-1H-isoindol-1-one (281)lJI 
o ~"-~ 
Me Me 
A solution of (278a) (1.00 g, 6.80 mmol) was dissolved in dimethylformamide 
(10 ml) and cooled down to O°C. Sodium hydride (0.245 g, 10.20 mmol) was then 
added and the solution stirred for 15 minutes. Methyl Iodide (1.448 g, 10.20 mmol) 
was added and the mixture was heated at 90°C and stirred for 3 hours. It was then 
cooled down, diluted with dichloromethane (30 ml) and washed with water (3x20 ml). 
The organic phase was dried over sodium sulphate and concentrated. The crude 
product was purified by column chromatography using silica gel as adsorbent and 
ethyl acetate/light petroleum (bp 40-60°C) (1 :2) as eluent leading to (108) (0.285 g, 
26%), as a yellow oil, and (281) (0.092 g, 8%), as a white solid; V max (fiIm)!cm-1 3049 
(sp2 CH), 2985 (sp3 CH), 1682 (C=O), 811-616 (Ar substitution); OH (400 MHz; 
CDCb) 1.45 (6H, s, C(CH3)z), 3.03 (3H, s, N-CH3), 7.40-7.55 (3H, m, PhtH), 7.81-
7.84 (IH, d, J 8, PhtH); oe (100 MHz; CDCb) 23.83 (CH3), 24.89 (2 x CH3), 62.05 
(C(CH3h), 120.69 (CH, ~Iactam), 123.47 (CH, ~Iactam), 127.93 (CH, ~lactam), 130.87 (C, 
~Iactam), 131.47 (CH, ~Iactam), 151.57 (C, ~Iactam), 167.20 (C=O). 
3-Methyl-2-(pbenylmethyl)-2,3-dibydro-1H-isoindol-1-one (280) 132 
A solution of (279a) (0.163 g, 1.10 mmol) was dissolved in dimethylformamide 
(10 ml) and cooled down to O°C. Sodium hydride (0.040 g, 1.65 mmol) was then 
added and stirred for 15 minutes. Benzyl bromide (0.282 g, 1.65 mmol) was added 
and the mixture was heated at 90°C and stirred for 3 hours. It was then cooled down, 
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diluted with dichloromethane (30 ml) and washed with water (3 x 20 ml). The organic 
phase was dried over sodium sulphate and concentrated. The crude product was 
purified by column chromatography using silica gel as adsorbent and ethyl 
acetate/light petroleum (bp 40-60°C) (I :2) as eluent leading to a yellow oil (0.215 g, 
67%); (Found M+, 237.11543. CI6HIsNO requires 237.11536); Vrnax (film)/cm·1 3086 
(Sp2 CH), 2950 (sp3 CH), 1687 (C=O), 762-704 (Ar substitution); OH (400 MHz; 
CDCb) 1.43 (3H, d, J6.8, CH(CH3», 4.11 (lH, d, J 15.2, CH2Ph), 4.34-4.40 (lH, q, J 
6.8, CH(CH3», 5.31 (lH, d, J 15.2, CH2Ph), 7.25-7.35 (5H, m, PhH), 7.50-7.53 (3H, 
m, PhtH), 7.83 (lH, d, PhtH) eH-NMR in agreementl32 with literature); Oc (lOO 
MHz; CDCb) 18.41 (CH3), 44.09 (CH2), 55.34 (CH), 122.33 (CH, ~Iactam), 124.21 
(CH, ~Iactarn), 127.35 (CH, ~Ph), 127.92 (CH, ~Iactam), 128.43 (2 x CH, ~Ph), 129.11 (2 x 
CH, ~Ph), 131.91 (CH, ~Iactarn), 132.06 (C, ~Iactarn), 137.67 (C, ~Ph), 147.40 (C, ~Iactam), 
168.48 (C=O); mlz (El) 237 (M+, 85), 222 (34),146 (36), 91 (100),77 (20),51 (6). 
1,1-Dimethylethy I (lR)-l-methy 1-3-oxo-2,3-dihydro-1H-isoindol-2-carboxylate 
(282) 
To a solution of (278a) (0.045 g, 0.30 mmol) in dichloromethane (20 ml) was 
added triethylamine (0.036 g, 0.36 mmol) and 4-(dimethylamino)pyridine (0.004 g, 
0.04 mmol). The mixture was then treated with di-tert-butyldicarbonate (0.080 g, 0.36 
mmol) and the mixture stirred for 72 hours at room temperature. The solution mixture 
was diluted with water (20 ml) and extracted with dichloromethane (3 x 20ml). The 
combined organic phases were dried over sodium sulphate and concentrated. The 
crude product was purified by column chromatography using silica gel as adsorbent 
and petroleum ether (bp 40-60°C)/ethyl acetate (2: I) as eluent leading to a colourless 
oil (0.021 g, 70%). HPLC experiment showed an enantiomeric excess of95%; [a]D-
37.5 (c 0.80, dichloromethane); (Found M+ 248.12867. CI4H17N03 requires 
248.12833); Vrnax (film)/cm"1 3047 (Sp2 CH), 2976 (Sp3 CH), 1778 (C=O, urea), 1715 
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(C=O, lactam), 1615 (C=C), 849-703 (Ar substitution); OH (250 MHz; CDCh) 1.61 
(I2H, bs, (CH3)JCO+CH(CH3», 5.02-5.1 I (!H, q, J 6.48, CH(CH3», 7.41-7.51 (2H, 
dd, J 7.4, 14.3, PhtH), 7.61-7.67 (!H, t, J7.4, PhtH), 7.86-7.90 (IH, d, J 7.4, PhtH); 
Oc (100 MHz; CDCb) 20.43 (CH3), 28.17 (CH3), 56.38 (CH), 83.04 «CH3)3CO), 
122.31 (CH, ~lactam), 124.95 (CH, ~lactam), 128.52 (CH, ~lactam), 130.12 (C, ~lactam), 
133.67 (CH, ~lactam), 146.84 (C, ~lactam), 150.22 (C=O, urea), 166.69 (C=O, lactam); 
m/z (F AB) 248 (~, 6), 224 (72), 192 (86), 146 (100). 
3.3.1.6 Dearomatisated products 
(3S, 7 aR)-3-Methyl-2, 7 a-di(phenylmethy 1)-2,3,5, 7 a-tetrahydro-lH-iso indolin-l-
one (284) 
A solution of (278b) (0.080 g, 0.54 mmol) and t-butanol (0.040 g, 0.54 mmol) in 
tetrahydrofuran (5 ml) was cooled to -78°C and ammonia was condensed (10 ml). 
Lithium (0.01l g, 1.62 mmol) was then added in small pieces. Once the solution 
tumed blue, it was further stirred for 15 minutes. The excess metal was then 
consumed by addition of 1,3-pentadiene (few drops). Benzyl bromide (0.369 g, 2.16 
mmol) was added and the solution stirred for 60 minutes at -78°C. Ammonia was then 
allowed to evaporate as the solution warmed up. Water (10 ml) was added and the 
mixture was extracted with dichloromethane (3 x 20 ml). The combined organic 
phases were dried over sodium sulphate, filtered and concentrated. The crude product 
was purified by column chromatography using silica gel as adsorbent and ethyl 
acetate/light petroleum (bp 40-60°C) (4: I) as eluent leading to a colourless oil (0.040 
g, 29%). HPLC experiment showed an enantiomeric excess of 42%; Ymax (film)/cm·1 
3029 (Sp2 CH), 2918 (Sp3 CH), 1681 (C=O), 760-607 (Ar substitution); OH (400 MHz; 
- 222-
Experimental 
CDCb) 1.16-1.19 (3H, d, J 6.4, CH(CH3», 1.75-1.82 (lH, m, CHCH2CH), 2.38-2.47 
(lH, dt, J 5.4, 16, CHCH2CH), 2.77-2.86 (2H, q, J 6.4, C(CH2Ph», 3.76-3.79 (lH, m, 
CH(CH3», 4.06-4.11 (lH, d, J 15.2, NCH2Ph), 4.80-4.84 (lB, d, J 15.2, NCH2Ph), 
5.69-5.71 (lB, d, J 6, CH2CH=CH), 5.82-5.87 (lH, m, CH2CH=CH), 6.16-6.20 (lH, 
dd, J3.2, 9.0, CH2CH), 7.13-7.31 (I OH, m, PhH); Oc (lOO MHz; CD Cb) 16.78 (CH3), 
26.88 (CH2), 43.54 (CH2), 43.93 (CH2), 51.08 (CH2CHC), 53.92 (CH), 119.97 (CH), 
126.27 (CH=CH), 127.23 (CH=CH), 127.36 (CH, q,Ph), 127.45 (2x CH, q,Ph), 127.77 
(CH, q,Ph), 128.02 (2 x CH, q,Ph),128.61 (2 x CH, q,Ph), 130.84 (2 x CH, q,Ph), 136.18 
(C, q,Ph), 136.78 (C, q,Ph), 140.13 (C(CH2Ph), 175.50 (C=O). 
2,3,7 a-Trimethyl-2,3, 7 a-tetrahydro-1H-isoindol-l-one (109a) (S: 1 mixture )61< 
Me ° cQM' , 
Me 
cC,e.O Y'" NMe /-
A solution of (278a) (0.104 g, 0.70 mmol) aod (-butanol (0.052 g, 0.70 mmol) 
in tetrahydrofurao (5 ml) was cooled down to -78°C aod ammonia was condensed (10 
ml). Lithium (0.015 g, 2.1 0 mmol) was added in small pieces. Once the solution 
turned blue, it was stirred for 15 minutes. The excess metal was then consumed by 
addition of 1,3-pentadiene (few drops). Methyl iodide (0.397 g, 2.80 mmol) was 
added and the solution stirred for 60 minutes at -78°C. Ammonia was then allowed to 
evaporate as the solution warmed up. Water (10 ml) was added aod the mixture 
extracted with dichloromethaoe (3 x 20 ml). The combined orgaoic phases were dried 
over sodium sulphate, filtered aod concentrated. The crude product was purified by 
column chromatography using silica gel as adsorbent aod ethyl acetate/light 
petroleum (bp 40-60°C) (4:1) as eluent leading to a colourless oil (0.037 g, 30%); Vrnax 
(film)/cm,l 3032 (Sp2 CH), 2970 (Sp3 CH), 1681 (C=O); OH (400 MHz; CDCb) (major 
of the mixture) 1.12 (3H, s, C(CH3», 1.25-1.27 (3H, d, J 6.4, CH(CH3», 2.62-2.76 
(2H, m, CHCH2CH), 2.78 (3H, s, NCH3), 4.08-4.10 (lB, rn, CH(CH3», 5.64-5.78 
(2H, m, CH=CH), 6.06-6.10 (lB, m, CH2CHC) (IH-NMR in agreernent61e with 
literature); oc (100 MHz; CDCb) (major of the mixture) 16.81 (CH3), 24.93 (CH3), 
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26.91 (CH2), 27.49 (C(CH3), 55.55 (CH), 117.31 (CH), 125.45 (CH), 130.51 (CH), 
143.01 (CH=C), 176.76 (C=O). 
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3.3.2 Towards the cytochalasan skeleton 
3.3.2.1 Introduction of a benzyl group at the e(3) position 
2-(2-Phenylacetyl)benzene-l-caboxylic acid (286)122 
o 
Ph 
o 
A 250 ml 3-necked round bottom flask containing diethyl ether (100 ml) was 
loaded with magnesium (1.31 g, 54 mmol), and fitted with a condenser. Benzyl 
chloride (6.84 g, 54 mmol) was then added. An ice bath was used when diethyl ether 
started refluxing. After 15 minutes, cadnium dichloride (5.24 g, 29 mmol) was added 
and the reaction mixture stirred for 30 minutes at room temperature. The round 
bottom flask was then fitted with an ice-bath and phtalic anhydride (3.88 g, 26 mmol) 
was slowly added. After addition, the mixture was refluxed for 3 hours. A 10% 
sulphuric acid solution (50 ml) was then carefully added. After hydrolysis (15 
minutes), the organic phases were separated and the aqueous phase extracted with 
diethyl ether (2 x 20 ml). The combined organic phase were carefully washed with a 
10% aqueous potassium carbonate solution (50 ml). The aqueous phase was filtered 
and added carefully to a dilute sulphuric acid solution. The aqueous phase was 
extracted with dichloromethane (3 x 20 ml). The combined organic phases were dried 
over sodium sulphate and concentrated to yield an orange oil (3.65 g, 58%); V max 
(film)/cm-1 3346 (bs, OH), 3064 (Sp2 CH), 2925 (sp3 CH), 1744 (C=O), 770-698 (Ar 
substitution); OH (250 MHz; CDCh) 3.44 (2H, s, CH2Ph), 7.17-7.26 (5H, m, PhH), 
7.34-7.51 (4H, m, PhtH); oe (100 MHz; CDCh) 60.55 (CH2), 125.18 (CH, $Ph), 
127.28 (CH, $Ph), 128.57 (2 x CH, $Ph), 129.51 (2 x CH, $Ph), 130.68 (CH, $Ph), 
132.83 (CH, $Ph), 133.38 (CH, $Ph), 136.61 (C, $Ph), 140.13 (C, $Ph), 143.57 (CH, 
$Ph), 172.04 (C=O), 198.85 (C=O). 
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(3S,9bR)-3-Phenyl-9b-(phenylmethyl)-2,3,5,9b-tetrahydo[1,3Joxazolo[2,3-
aJisoindol-5-one (287) 
(286) (3.37 g, 14 mmol) and (S)-phenylglycinol (1.92 g, 14 mmol) were slurried 
into toluene (100 ml). The mixture was then heated at reflux under Dean-Stark 
condition and stirred for 24 hours. The solution mixture was then cooled down and 
concentrated. The crude mixture was purified by column chromatography using silica 
gel as adsorbent and ethyl acetate/light petroleum (bp 40-60°C) (2: 1) as eluent leading 
to white solid (3.77g, 77%). A small sample was purified by recrystallisation (ethyl 
acetate/light petroleum (bp 40-60°C» to afford white needles; [aJD +124.36 (c 1.01, 
dichloromethane); mp 103-105°C; (Found: M+, 341.14158. C23H'9N02 requires 
341.14116); V max (film)/cm·' 3086 (Sp2 CH), 2981 (Sp3 CH), 1718 (C=O), 806-612 (Ar 
substitution); OH (400 MHz; CDCh) 3.01-3.05 (JH, d, J 14.0, CH2Ph), 3.48-3.52 (lH, 
d, J 14.4, CH2Ph), 4.64-4.69 (JH, dd, J 6.8, 8.8, OCH2CH), 4.88-4.93 (lH, t, J 8.8, 
OCH2CH), 5.34-5.39 (lH, t, J7.2, CH(Ph», 6.96-7.03 (3H, m, PhtH), 7.12-7.17 (3H, 
m, PhH), 7.32-7.36 (JH, m, PhH), 7.40-7.50 (6H, m, PhH), 7.71-7.74 (JH, m, PhtH); 
oe (lOO MHz; CDCh) 41.25 (CH2), 58.29 (CH2), 75.11 (CH), 101.37 (C(CH2)O), 
123.59 (CH, ~'actam), 124.34 (CH, ~'actam), 126.27 (2 x CH, ~Ph)' 126.91 (CH, ~Ph), 
127.65 (CH, ~Ph), 127.95 (2 x CH, ~Ph)' 128.75 (2 x CH, ~Ph), 130.20 (CH, ~'actam), 
130.46 (2 x CH, ~Ph), 132.24 (C, ~'actam), 132.65 (CH, ~'actam), 134.70 (C, ~Ph)' 139.71 
(C, ~Ph), 145.57 (C, ~'actam), 174.33 (C=O); m/z (El) 341 (~, 1),282 (I), 250 (100), 
232 (32),130 (11),103 (19), 91 (10),77 (9),51 (2). 
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(3S)-2-[(IS)-2-Hydroxy-l-pheny I-l-pheny lethy I) -3-(pheny Im ethyl)-2,3-dihydro-
IH-isoindol-l-one (288) 
o 
~OH 
N .. 
b 
(287) (3.51 g, 10.26 mmol) was dissolved in dichloromethane (40 ml) and 
cooled to -78°C. Titanium tetrachloride (2.92 g, 15.40 mmo1) was then added and the 
solution stirred for 10 minutes at _78°C. Triethylsilane (1.80 g, 15.40 mmol) was then 
added and the solution stirred for 30 minutes at _78°C. The mixture was then allowed 
to warm at room temperature and stirred for 24 hrs. The solution was then treated with 
an aqueous ammonium chloride solution, (25 ml). The organic phase was separated. 
The aqueous phase was extracted with dichloromethane (2 x 20 ml). The combined 
organic phases were dried over sodium sulphate and concentrated. The resulting 
mixture was purified by column chromatography using silica gel as adsorbent and 
ethyl acetate/light petroleum (bp 40-60°C) (I :2) as eluent leading to a white solid 
(1.62 g, 46%). A small sample was purified by recrystallisation (ethyl acetate/light 
petroleum (bp 40-60°C» to afford white needles; [aID -64.88° (c 1.72, 
dichloromethane) (Lit. l2l [aID +66.0 (c 0.5, dichloromethane), (3R,IR) isomer); mp 
164-167°C; (Found M' 344.16505. C23H21N02 requires 344.16567); Ymax (film)lcm-1 
3367 (bs, OH), 3029 (sp2 CH), 2926 (Sp3 CH), 1668 (C=O), 755-698 (Ar 
substitution); OH (400 MHz; CD Ch) 2.85-2.91 (lH, dd, J 8.0, 14.0, CH2Ph), 3.35-3.40 
(lH, dd, J 4.4, 14.0, CH2Ph), 4.06-4.13 (lH, m, CH20H), 4.42 (lH, m, CH20H), 
4.52-4.56 (lH, dd, J 4.4, 7.6, CH(CH2Ph», 4.85-4.88 (lH, dd, J 3.2, 8, NCH(Ph», 
4.99-5.04 (lH, t, J 7_6, CH20H), 6.85-6.87 ClH, m, PhtH), 6.92-6.97 (2H, m, PhtH), 
7.19-7.26 (5H, m, PhH), 7.30-7.77 (3H, m, PhH), 7.39-7.45 (2H, m, PhH), 7.78-7.82 
(lH, m, PhtH); Oc (lOO MHz; CDCh) 38.13 (CH2), 61.77 (CH), 63.18 (CH), 64.68 
(CH2), 122.82 (CH, ~lactam), 123.76 (CH, ~lactam), 127.10 (CH, ~Ph), 127.19 (2 x CH, 
~Ph), 128.09 (CH, ~lactam), 128.36 (CH, ~Ph), 128.46 (2 x CH, ~Ph), 128.96 (2 x CH, 
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~Ph), 129.48 (2 x CH, ~Ph), 131.48 (CH, ~Iactarn), 132.10 (C, ~Iactarn), 135.43 (C, ~Ph)' 
137.92 (C, ~Ph), 145.06 (C, ~Iactarn), 170.03 (C=O); mlz (FAB) 344 (M+, 100),224 
(71), 154 (26) , 132 (22). 
(2S)-2-[ (3S)-1-Oxo-3-(phenylmethyl)-2,3-dihydro-lH-isoindol-2-yl)-2-phenylethyl 
methanesnlphonate (289) 
o 
(288) (0.500 g, 1.19 mmol) Was dissolved in dichloromethane (20 ml) and 
triethylamine was added (0.144 g, 1.42 mmol). The mixture was cooled to O°C and 
treated with methanesulphonylchloride (0.162 g, 1.42 mmol). The reaction mixture 
was then stirred for 3 hours at O°C. The solution mixture was then washed with water 
(20 ml). The aqueous phase was extracted with dichloromethane (2 x 20 ml). The 
combined organic phases were washed with hydrochloric acid (2N), dried over 
sodium sulphate and concentrated to afford a yellow oil (0.422 g, 85%). No further 
purification was needed; [alD -29.01 (c 2.16, dichloromethane); Vrnax (film)/cm·1 3062 
(Sp2 CH), 2933 (sp3 CH), 1685 (C=O), 1175 (S02N), 756-700 (Ar substitution); OH 
(250 MHz; CDCh) 2.85-2.91 (lH, dd, J 8.0, 14.0, CH2Ph), 2.97 (3H, s, CH3S02), 
3.37-3.42 (lH, dd, J 4.8, 14.0, CH2Ph), 4.65-4.69 (lH, dd, J 5.2, 8.0, CH(CH2Ph)), 
4.85-4.89 (lH, dd, J 6.4, 10, CH20S02), 4.96-5.01 (lH, dd, J 6.1, 8.4, CH20S02), 
5.53-5.58 (IH, dd, J 8.2,10, NCH(Ph)), 6.84-6:87 (lH, m, PhtH), 7.11-7.14 (2H, m, 
PhtH), 7.25-7.45 (I OH, m, PhH), 7.79-7.81 (lH, m, PhtH); Oc (lOO MHz; CDCh) 
31.53 (CH3), 39.12 (CH2), 58.29 (CH), 61.19 (CH), 69.46 (CH2), 122.98 (CH, ~Iactam), 
123.06 (CH, ~Iactam), 127.17 (2 x CH, ~Ph), 127.74 (CH, ~Ph), 128.38 (CH, ~Iactarn), 
128.66 (2 x CH, ~Ph), 128.76 (CH, ~Ph), 129.14 (2 x CH, ~Ph), 129.60 (2 x CH, ~Ph), 
131.56 (CH, ~Iactarn), 131.95 (C, ~Iactarn), 135.93 (C, ~Ph), 136.69 (C, ~Ph)' 145.29 (C, 
~Iactarn), 169.90 (C=O). 
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(3S)-2-(1-Pheny leth-l-enyl)-3-(phenylmethyl)-2,3-dihydro-lH-isoindol-I-one 
(290) 
o 
(289) (00400 g, 0.95 mmol) Was diluted in a 1:1 mixture of ethanol and 
dichloromethane (40 ml). Sodium ethoxide (0.387g, 5.69 mmol) was then added and 
the reaction stirred for 3 hours at room temperature. The mixture was then 
concentrated and diluted with dichloromethane (20 ml). The organic phase was 
washed with water (20 ml). The aqueous phase was extracted with dichloromethane 
(2 x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated to afford an orange paste (0.309 g, 100%); Vrnax (film)!cm" 3027 (Spl 
CH), 2923 (spJ CH), 1702 (C=O), 1618 (C=C), 1493 (C-C), 801-700 (Ar 
substitution); QH (250 MHz; CDCb) 2.61-2.70 (lH, dd, J 8.8,13.7, CH1Ph), 3.29-3.69 
(lH, dd, J3.9, 13.6, CHIPh), 4.92-4.98 (lH, dd, J 3.9, 8.8, CH(CHIPh», 5.58 (lH, s, 
C=CHl), 5.68 (lH, s, C=CH1), 6.81-6.87 (3H, m, PhtH), 7.17-7.45 (lOH, rn, PhH), 
7.85-7.89 (lH, m, PhtH); QC (lOO MHz; CDCh) 37.48 (CH2), 61.38 (CH), 112.39 
(CH2), 122.48 (CH, ~Iactam), 124.20 (CH, ~Iactarn), 126.88 (CH, ~Iactam), 126.92 (2 x CH, 
~Ph)' 128.34 (2 x CH, ~Ph), 128.38 (CH, ~Ph), 128.57 (2 x CH, ~Ph)' 128.73 (CH, ~Ph), 
129.58 (2 x CH, ~Ph), 131.57 (CH, ~Iactam), 131.85 (C, ~Iactam), 135.92 (C, ~Ph), 136.95 
(C, ~Ph), 141.31 (C=CH2), 144.35 (C, <Plactam), 167.44 (C=O). 
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(3S)-3-(Phenylmethy 1)-2,3-dihydro-1H-isoindol-l-one (285) 
o 
\ ~ 
(290) (0.309 g, 0.77 mmol) Was dissolved in a 1:1 mixture of ethanol and 
hydrochloric acid (6M) (20 ml). The reaction mixture was then heated up at 80°C and 
stirred for 2 hours. The solution was then cooled down and concentrated. The residue 
was diluted with dichloromethane (20 ml) and washed with an aqueous sodium 
bicarbonate solution (20 ml). The aqueous phase was extracted with dichloromethane 
(2 x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated. The crude mixture was purified by column chromatography using silica 
gel as adsorbent and ethyl acetatellight petroleum (bp 40-60°C) (2:1) as eluent leading 
to a white solid (0.061 g, 35%); HPLC experiment showed an enantioselective excess 
of 95%; (Found M+, 223.10012. C1sH13NO requires 223.09971); OH (250 MHz; 
CDCb) 2.81-2.91 (JH, dd, J 8.8, 13.8, CH2Ph), 3.16-3.24 (lH, dd, J 5.6, 13.7, 
CH2Ph), 4.78-4.84 (IH, dd, J 5.8,8.4, CH(CH2Ph), 7.0 (lH, s, Nlf), 7.20-7.33 (5H, 
rn, PhH), 7.46-7.54 (3H, m, PhtH), 7.82-7.86 (lH, d, J 7.9, PhtH); Oc 41.27 (CH2), 
58.04 (CH), 122.74 (CH, ~lactam), 123.86 (CH, ~lactam), 127.12 (CH, ~lactam), 128.34 
(CH, <jlPh), 128.78 (2 x CH, ~Ph), 129.27 (2 x CH, ~Ph), 131.17 (CH, ~lactam), 133.16 (C, 
~lactam), 136.87 (C, ~Ph), 146.82 (C, ~lactam), 170.57 (C=O); rn/z (El) 223 (M+, 2), 132 
(100), 104 (7), 91 (8),77 (16), 65 (4) 51 (5). 
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3.3.2.2 Synthesis o/ring substituted isoindolinones 
(3R,9bS)-7 ,9-Di( methyloxy)-3-phenyl-2,3,S,9b-tetrahydro [1,3] oxazolo [2,3-
a]isoindol-S-one (293a) 
(R)-Phenylglycinol (1.00 g, 7.29 mmol) and methyl-2-formyl-3,5-
dimethoxybenzoate (291) (1.30 g, 5.87 mmol) were slurried in toluene (100 ml) and 
reflux under Dean-Stark conditions for 48 hours. The solution mixture was then 
concentrated afforded a solid mixture. Recrystalisation using ethylacetate!light 
petroleum (bp 40-60°C) afforded white crystals (1.325 g, 72%); mp 141.1-142.8°C; 
[aD] -125.71 (c 2.10, dichloromethane); (Found M+ 311.11576. C18H17N04 requires 
311.11514); Vrnax (film)!cm·1 3004 (Sp2 CH), 2921 (Sp3 CH), 1711 (C;O), 1343 
(COCH3), 1142 (C-O-C); ()H (400 MHz; CD Ch) 3.86 (3H, S, CH30), 3.91 (3H, S, 
CH30), 4.13-4.20 (lH, dd, J 7.6, 8.8, OCH2), 4.82-4.87 (lH, dd, J 7.6, 8.8, OCH2), 
5.13-5.18 (lH, t, J 7.6, NCH(Ph», 6.08 (IH, s, NCHO), 6.64-6.65 (lH, d, J 2.0, 
PhtH), 6.90-6.91 (lH, d, h 2.0, PhtH), 7.28-7.39 (5H, m, PhH); ()e (lOO MHz; CD Ch) 
55.92 (CH3), 55.98 (CH3), 57.76 (CH), 78.22 (CH2), 90.18 (CH), 98.92 (CH, ~laetam), 
103.78 (CH, ~laetam), 122.76 (C, ~laetam),126.09 (2 x CH, ~Ph), 127.69 (CH, ~Ph), 128.86 
(2 x CH, ~Ph), 136.02 (C, ~laetarn), 139.75 (C, ~Ph), 156.56 (COCH3), 163.88 (COCH3), 
173.66 (C;O); m/z (El) 311 (M+, 3), 281 (100),266 (5), 253 (14),238 (23), 210 (16), 
195 (5), 176 (2),165 (6),140 (5),121 (3), 103 (8). 
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(3S,9bR)-7 ,9-Di( methyloxy )-3-phenyl-2,3,S,9b-tetrahydro [1 ,3] oxazolo [2,3-
a]isoindol-5-one (293b) 
(S)-Phenylglycinol (2.00 g, 14.60 mmol) and methyl-2-formyl-3,5-
dimethoxybenzoate (291) (2.60 g, 11.74 mmol) were slurried in toluene (lOO ml) and 
reflux under Dean-Stark conditions for 48 hours. The solution mixture was then 
concentrated afforded a solid mixture. Recrystalisation using ethylacetate/light 
petroleum (bp 40-60°C) afforded white crystals (3.47 g, 95%); mp 141.0-142.5°C; 
[aD] +123.05 (c 1.1, dichloromethane); Vmax (film)/cm·1 3004 (Sp2 CH), 2921 (Sp3 
CH), 1711 (C=O), 790-700 (Ar substitution); OH (250 MHz; CDCb) 3.86 (3H, s, 
CH30), 3.91 (3H, s, CH30), 4.13-4.20 (lH, dd, J7.5, 10.0, OCH2), 4.82-4.90 (IH, dd, 
J7.5, 10.0, OCH2), 5.12-5.19 (lH, t,J7.5, NCH(Ph», 6.09 (lH, s, NCHO), 6.64-6.66 
(lH, d, J2.0, PhtH), 6.90-6.91 (lH, d, h 1.9, PhtH), 7.28-7.39 (5H, m, PhH); oe (lOO 
MHz; CD Cb) 55.91 (CH3), 55.98 (CH3), 57.72 (CH), 78.29 (CH2), 90.17 (CH), 98.84 
(CH, ~Iactam), 103.75 (CH, ~Iactam), 122.68 (C, ~Iactam), 126.89 (2 x CH, ~Ph)' 127.52 
(CH, ~Ph), 128.31 (2 x CH, ~Ph), 135.97 (C, ~Iaetam), 139.67 (C, ~Ph), 156.50 (COCH3), 
163.85 (COCH3), 173.66 (C=O). 
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2- [(lR)-2-Hydroxy -1-phenylethyIJ-4,6-di( methy loxy )-2,3-dihydro-lH-isoindol-l-
one (294a). 
(293a) (0.905 g, 2.82 mmol) Was dissolved in dichloromethane (30 ml). The 
solution mixture was cooled to -78°C and titanium tetrachloride (0.802 g, 4.23 mmol) 
was then added. After 10 minutes stirring, the reaction mixture was treated with 
triethylsilane (0.495 g, 4.23 mmol) and the mixture stirred for 30 minutes at -78°C. 
The mixture was then allowed to warm till room temperature and stirred for 24 hours. 
An aqueous ammonium chloride solution (20 ml) was added and the mixture 
extracted with dichloromethane (3 x 20 ml). The combined organic phases were dried 
over sodium sulphate and concentrated. The crude product was purified by column 
. chromatography using silica gel as adsorbent and light petroleum (bp 40-60°C)!ethyl 
acetate (3:2) as eluent leading to white solid (0.720 g, 82%); mp 58.8-59.8°C; [UDJ 
-5.22 (c 1.38, dichloromethane); (Found M+ 313.13141. C1sH l9N04 requires 
313.13086); Vrnax (fi1m)!cm-1 3373 (bs, OH), 3085 (sp2 CH), 2938 (Sp3 CH), 1663 
(C=O), 1607 (C=C), 1357 (COCH3), 1143 (C-O-C), 933-700 (Ar substitution); DH 
(400 MHz; COCh) 3.76 (3H, s, CH30), 3.79 (3H, s, CH30), 4.04-4.09 (lH, d, J 16.0, 
CH2N), 4.20-4.27 (2H, m, CH20H), 4.37-4.41 (lH, d, J 16.0, CH2N), 4.58 (lH, s, 
CH20H), 5.41-5.45 (lH, dd, J 4.4,8.8, NCH(Ph», 6.41-6.42 (lH, d, J 4, PhtH), 6.78-
6.79 (lH, d, J 4, PhtH), 7.25-7.34 (5H, m, PhH); Dc (100 MHz; COCb) 45.90 (CH2), 
55.29 (CH3), 55.66 (CH]), 59.07 (CH), 63.08 (CH2), 97.48 (CH, $lactarn), 102.23 (CH, 
~lactam.), 122.57 (C, $lactam), 127.46 (2 x CH, $Ph), 127.92 (CH, $Ph), 128.82 (2 x CH, 
~Ph), 134.31 (C, ~Ph)' 137.63 (C, $lactarn), 154.85 (COCH3), 161.43 (COCH3), 169.72 
(C=O); m/z (El) 313 (M+, 2), 296 (31), 267 (40),192 (54),179 (100), 91 (143),77 
(81),51 (28). 
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2-[ (1S)-2-Hydroxy-l-phenylethy 1]-4,6-di( methyloxy)-2,3-dihydro-IH-isoindol-l-
one (294b) 
/O~N-(OH 
~ h 
/0 
(293b) (3.00 g, 9.65 mmol) Was dissolved in dichloromethane (30 ml). The 
solution mixture was cooled to _78cC and titanium tetrachloride (2.74 g, 14.47 mmol) 
was then added. After 10 minutes stirring, the reaction mixture was treated with 
triethylsilane (1.68 g, 14.44 mmol) and the mixture stirred for 30 minutes at _78°C. 
The mixture was then allowed to warm till room temperature and stirred for 24 hours. 
An aqueous ammonium chloride solution was added (20 ml) and the mixture 
extracted with dichloromethane (3 x 20 ml). The combined organic phases were dried 
over sodium sulphate and concentrated. The crude product was purified by column 
chromatography using silica gel as adsorbent and light petroleum (bp 40-60°C)/ethyl 
acetate (2: I) as eluent leading a yellow solid (1.65 g, 55%); mp 58.8-59.8cC; [aDI 
+6.08 (c 2.17, dichloromethane); (Found M+ 313.13141. ClsHl9N04 requires 
313.13086); Ymax (film)/cm-1 3412 (bs, OH), 3084 (Sp2 CH), 2936 (Sp3 CH), 1667 
(C=O), 1360 (COCH3), 933-700 (Ar substitution); OH (250 MHz; CDCh) 3.77 (3H, S, 
CH30), 3.79 (3H, s, CH30), 4.03-4.10 (!H, d, J 17.5, CH2N), 4.21-4.30 (2H, m, 
CH20H), 4.35-4.43 (IH, d, J 17.5, CH2N), 5.40-5.46 (\H, dd, J 5.0,7.5, NCH(Ph», 
6.40-6.42 (\H, d, J 2.0, PhtH), 6.77-6.79 OH, d, J 2.0, PhtH), 7.26-7.33 (5H, m, 
PhH); oe (lOO MHz; CDCb) 45.91 (CH2), 55.29 (CH3), 55.66 (CH3), 59.10 (CH), 
63.10 (CH2), 97.49 (CH, ~laetam), 102.23 (CH, ~laetam.), 122.58 (C, ~lactam), 127.46 (2 x 
CH, ~Ph)' 127.91 (CH, ~Ph), 128.81 (2 x CH, ~Ph), 134.33 (C, ~laetam), 137.66 (C, ~Ph), 
154.86 (COCH3), 161.43 (COCH3), 169.71 (C=O). 
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(2R)-2-[4,6-Di(methyloxy)-1-oxo-2,3-dihydro-lH-isoindol-2-yl]-2-phenyletyl 
methanesulphonate (295). 
A solution of (294a) (0.720 g, 2.30 mmol) in dichloromethane (30 ml) and 
triethylamine (0.279 g, 2.76 mmol) at O°C was treated with methanesulphonyl 
chloride (0.316 g, 2.76 mmol) and the solution stirred for 3 hours at O°C. The solution 
mixture was diluted with water (20 ml) and extracted with dichloromethane (3 x 20 
ml). The combined organic phases were washed with hydrochloric acid (2N), dried 
over sodium sulphate and concentrated to afford a white solid (0.817 g, 91%). No 
further purification was needed; mp 49-52°C; [aID -38.22 (c 1.80, dichloromethane); 
(Found M+ 391.10896. C'9H2,N06S requires 391.10906); Vrnax (film)!cm·' 3060 (Sp2 
CH), 2935 (sp3 CH), 1682 (C=O), 1624 (C=C), 1503 (C-C), 1357 (COCH3), 
1312-1175 (S02N), 1142 (C-O-C), 836-703 (Ar substitution); OH (250 MHz; CDCh) 
3.01 (3H, s, CH3S02), 3.81 (3H, s, CH30), 3.85 (3H, s, CH30), 4.00-4.11 (lH, d, J 
16.9, CH2N), 4.30-4.38 (IH, d, J 16.9, CH2N), 4.73-4.80 (lH, dd, J 5.3, 10.6, CH20), 
4.93-5.02 (lH, t, J 10.4, CH(Ph», 5.71-5.78 (IH, dd, J 5.1, 8.8, CH20), 6.57-6.59 
(lH, d, J 1.6, PhtH), 6.94-6.95 (lH, d, J 1.6, PhtH), 7.36 (5H, bs, PhH); oe (lOO MHz; 
CDCh) 38.26 (CH3), 45.54 (CH2), 54.92 (CH), 55.83 (CH3), 56.25 (CH3), 67.46 
(CH2), 98.27 (CH, ~'aetarn), 103.04 (CH, ~'aetam), 122.93 (C, ~'aetarn), 127.97 (2 x CH, 
~Ph)' 129.03 (CH, ~Ph), 130.45 (2 x CH; ~Ph), 135.48 (C, ~'aetam), 135.87 (C, ~Ph), 
155.61 (COCH3), 162.27 (COCH3), 169.42 (C=O); mlz (El) 391 (M+, 2), 295 (25), 
282 (100), 262 (6), 191 (21), 104 (11), 91 (12), 77 (7), 49 (17). 
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4,6-Di( methy loxy )-2-(1-phenylethyl-l-enyl)-2,3-dihydro-lH-isoindol-l-one (296) 
A solution of (295) (0.539 g, 1.37 mmol) in a 1:1 mixture of ethanol and 
dichloromethane (40 ml) was treated with sodium ethoxide (0.560 g, 8.24 mmol) and 
the mixture stirred for 3 hours at room temperature. 
The solution mixture was then concentrated, diluted with dichloromethane (20 
ml) and washed with an aqueous sodium bicarbonate solution (20 ml) The aqueous 
phase was washed with dichloromethane (2 x 20 ml). The combined organic phases 
were dried over sodium sulphate and concentrated to afford a yellow solid (0.430 g, 
100%). A small sample was recrystallised in ethyl acetate/light petroleum (bp 40-
60°C) afforded white crystals; mp 45-50°C; (Found M+ 295.12084. C1sH17N03 
requires 295.12037); Vrnax (film)/cm-1 3019 (Sp2 CH), 2917 (sp3 CH), 1692 (C=O), 
1624 (C=C), 1500 (C-C), 1358 (COCH3), 1140 (C-O-C), 904 (R2C=CH2), 833-776 
(Ar substitution); OH (250 MHz CDCh) 3.82 (3H, s, CH30), 3.87 (3H, s, CH30), 4.41 
(2H, s, CH2N), 5.46 (!H, s, C=CH2), 5.55 (!H, s, C=CH2), 6.61-6.62 (1H, d, J 1.6, 
PhtH), 6.99-7.01 (1H, d, J 1.6, PhtH), 7.35 (5H, m, PhH); oe (100 MHz; CDCh) 49.85 
(CH2), 55.86 (CH3), 56.29 (CH3), 98.48 (CH, ~Iaetarn) 103.27 (CH, ~Iaetarn), 109.76 
(CH2), 122.50 (C, ~Ph), 127.23 (2 x CH, ~Ph), 128.84 (2 x CH, ~Ph)' 128.95 (CH, ~Ph ), 
135.00 (C, ~Iactam), 137.23 (C, ~Ph)' 143.66 (C=CH2), 155.57 (COCH3), 162.31 
(COCH3), 168.38 (C=O); m/z (El) 295 (M+, 100),267 (26), 252 (38), 224 (14), 192 
(13),149 (8),103 (21),91 (11),77 (17). 
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4,6-Di(methyloxy)-2,3-dihydro-lH-isoindol-l-one (297) 
A solution of (296) (0.534 g, 1.81 mmol), in ethanol and hydrochloric acid (6M) 
was heated at 90°C and stirred for 4 hours. The mixture was then cooled down, 
concentrated and a saturated potassium carbonate solution (20 ml) was added. The 
aqueous phase was extracted with ethyl acetate (3 x 20ml). The organic phase were 
combined, washed with an aqueous sodium bicarbonate solution (20 ml), dried over 
sodium sulphate and concentrated. The crude product was purified by column 
chromatography using silica gel as adsorbent and petroleum ether (bp 40-60°C)/ethyl 
acetate as eluent (1:2) leading to white solid (0.213 g, 61%); (Found M+ 193.07389. 
ClOHllN03 requires 193.07392); mp 45-5JOC; Vmax (fiIm)/cm'! 3069 (Sp2 CH), 2838 
(Sp3 CH), 1694 (C=O), 1500 (C-C), 1356 (COCH3), 1136 (C-O-C), 842-406 (Ar 
substitution); OH (250 MHz; CDCb) 3.86 (6H, S, 2xCH30), 4.33 (2H, s, CH2NH), 
6.61-6.62 (!H, d, J 1.6, PhtH), 6.94-6.96 (1H, d, J 1.9, PhtH), 7.19 (!H, s, NH); oe 
(100 MHz; CD Cb) 43.21 (CH2), 55.48 (CH3), 55.86 (CH3), 97.67 (CH, $laetam), 
102.71 (CH, $laetam), 124.84 (C, $laetam), 134.22 (C, $laetam), 155.43 (COCH3), 161.82 
(COCH3), 171.86 (C=O); m/z (El) 193 (M+, 100), 178 (9), 162 (31), 149 (24), 134 (9), 
120 (10), 103 (6),91 (7),77 (11), 63 (6),51 (4). 
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2-Methyl-4,6-di(methyloxy)-2,3-dihydro-1H-isoindol-l-one (298) 
(297) (0.084 g, 0.44 mmol) Was dissolved in dimethylformamide (10 ml) and 
the solution cooled down to O°C. Sodium hydride (0.011 g, 0.47 mmol) was added 
and the solution stirred for 30 minutes at O°C. The mixture was then treated with 
methyl iodide (0.054 g, 0.38 mmo1) and the solution heated at 90°C and stirred for 3 
hours. The solution was then cooled down, diluted with dichloromethane (30 ml) and 
washed with water (3 x 30 m1). The organic phase was dried over sodium sulphate 
and concentrated. The crude mixture was purified by column chromatography using 
silica gel as adsorbent and ethyl acetate/light petroleum (bp 40-60°C) (1: 1) as eluent 
leading to a white solid (0.035 g, 44%); mp 159-162°C; (Found M+ 207.08954. 
CllH13NOJ requires 207.08946); Vmax (film)/cm·I 3011 (Sp2 CH), 2900 (spJ CH), 1680 
(C=O), 1501 (C-C), 1360 (COCHJ), 1150 (C-O-C), 830-768 (Ar substitution); OH 
(250 MHz; CDCb) 3.11 (3H, s, NCHJ), 3.78 (6H, s, 2 x CHJO), 4.16 (2H, s, CH2N), 
6.48-6.50 (lH, d, J 1.9, PhtH), 6.84-6.86 (lH, d, J 1.9, PhtH); oe (100 MHz; CDCb) 
29.98 (CHJ), 49.98 (CH2), 55.81 (CHJ), 56.22 (CHJ), 98.22 (CH, ~Iaetam), 102.49 (CH, 
~Iaetam), 122.34 (C, ~Iaetam), 135.47 (C, ~Iaetam), 155.40 (COCH3), 162.11 (COCHJ), 
169.01 (C=O); m/z (El) 207 (M+, 100), 192 (l0), 176 (37), 149 (33), 91 (4), 77 (6), 51 
(5). 
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2, 7a-Dimethyl-4,6-di(methyloxy)-2,3,5, 7a-tetrahydro-lH-isoindol-l-one (299) 
A solution of (298) (0.100 g, 0.48 mmol) in tetrahydrofuran (5ml) was cooled to 
_78°C and ammonia was condensed (10 ml). Lithium (0.010 g, 1.44 mmol) was then 
added in small pieces. Once the solution turned blue, it was further stirred for 15 
minutes. The excess metal was then consumed by addition of 1,3-pentadiene (few 
drops). Methyl iodide (0.273 g, 1.92 mmol) was added and the solution stirred for 60 
minutes at -78°C. Ammonia was then allowed to evaporate as the solution warmed 
up. Water (10 ml) was added and the mixture extracted with dichloromethane (3 x 20 
ml). The combined organic phases were dried over sodium sulphate, filtered and 
concentrated. The crude product was purified by column chromatography using silica 
gel as adsorbent and ethyl acetate/light petroleum (bp 40-60°C) (I :4) as eluent leading 
to a white solid (0.020 g, 19%); OH (250 MHz; CDCb) 1.19 (3H, s, C(CH3», 2.61-
3.05 (2H, m, (CH30)CCH2), 2.81 (s, 3H, N-CH3), 3.51 (3H, s, CH30), 3.60 (3H, s, 
CH30), 3.93 (2H, s, CH2N), 4.98-4.99 (lH, d, J 1.9, C=CH). 
(3S)-2-[(1S)-2-Hydroxy-l-phenylethyIJ-3-methyl-4,6-di(methyloxy)-2,3-dihydro-
IH-isoindol-l-one (303) 
/,O~O~OH I N. ~ " Ph 
o Me 
/' 
A solution of diisopropylamine (0.711 g, 7.03 mmol) in tetrahydrofuran (5 ml) 
was cooled to -78°C, treated with n-butyllithium (2.81 ml, 7.03 mmol) and stirred for 
15 minutes at -78°C. 
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The freshly made lithium diisopropylamide solution was added to a solution of 
(294b) (1.00 g, 3.20 mmol) in tetrahydrofuran (10 ml) at -78°C and the solution 
stirred for 20 minutes at -78°C. Methyl iodide (0.908g, 6.40 mmol) was then added 
and the reaction stirred for 2 hours at -78°C. 
The solution mixture was then warmed at room temperature and quenched with 
an aqueous ammonium chloride solution (5 ml) and water (50 ml) was added. The 
mixture was extracted with dichloromethane (3 x 20 ml). The combined organic 
phases were dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate (3:2) as eluent leading to a 
yellow oil (0.280 g, 13%); [aDJ +27.08 (c 1.95, dichloromethane); (Found: M+, 
327.14641. C19H21N04 requires 327.14706); Vmax (film)/cm-1 3418 (bs, OH), 3060 
(sp2 CH), 2922 (Sp3 CH), 1717 (C=O), 1362 (COCH3), 758-650 (Ar substitution); OH 
(400 MHz; CDCh) 1.44-1.46 (3H, d, J8.0, CH(CH3», 3.80 (3H, s, CH30), 3.87 (3H, 
S, CH30), 4.09-4.13 (lH, Ill, CH20H), 4.27-4.32 (lH, q, J 8.0, CH(CH3», 4.37-4.47 
(lH, m, CH20H), 4.74-4.77 (lH" J 4.0, 8.0, CH20H), 5.03-5.06 (lH, t, J 8.8, 
NCH(Ph», 6.58-6.59 (lH, d, J 2.0, PhtH), 6.94-6.96 (lH, d, J 2.0, PhtH), 7.24-7.33 
(5H, m, PhH); Oc (lOO MHz; CDCh) 17.11 (CH3), 55.82 (CH3), 56.13 (CH), 56.24 
(CH3), 62.54 (CH), 64.99 (CH2), 97.99 (CH, ~Iactam), 103.28 (CH, ~Iactam.), 127.55 (2 x 
CH, ~Ph), 127.92 (CH, ~Ph), 128.10 (C, ~Iactam), 129.21 (2 x CH, ~Ph), 134.39 (C, 
~Iactam), 138.39 (C, ~Ph), 155.21 (COCH3), 162.19 (COCH3), 169.87 (C=O). 
(2S)-2-[ (3S)-3-m ethyl-4,6-di( methyloxy )-I-oxo-2,3-dihydro-IH-isoindol-2-yIJ-2-
phenylethyl methanesulphonate (305) 
A solution of (303) (0.160 g, 0.49 mmol) in dichloromethane (30 m!) and 
triethylamine (0.060 g, 0.59 mmol) at O°C was treated with methanesulphony1chloride 
(0.067 g, 0.59 mmol) and the solution stirred for 3 hours at O°C. The solution mixture 
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was diluted with water (20 ml) and extracted with dichloromethane (3 x 20ml). The 
combined organic phases were washed with hydrochloric acid (2N), dried over 
sodium sulphate and concentrated to afford a yellow oil (0.145 g, 62%). No further 
purification was needed; OH (250 MHz; CDCh) 1.45-1.50 (3H, d, J 6.5, CH(CH3)), 
3.00 (3H, s, CH3S02), 3.82 (3H, s, CH30), 3.85 (3H, s, CH30), 4.42-4.49 (IH, q, J 
6.3, CH(CH3)), 4.79-4.85 (!H, dd, J 5.6, 9.9, CH20), 4.94-5.01 (lH, dd, J 5.8, 9.3, 
CH20), 5.52-5.60 (!H, t, J 9.9, CH(Ph)), 6.58-6.60 (lH, d, J 1.6, PhtH), 6.90-6.92 
(!H, bs, PhtH), 7.27-7.38 (3H, m, PhH), 7.43-7.47 (2H, m, PhH); Oc (lOO MHz; 
. CDCh) 17.25 (CH3), 37.34 (CH3), 52.55 (CH), 55.49 (CH3), 55.83 (CH3), 57.32 
(CH), 68.80 (CH2), 97.51 (CH, ~Iactam), 102.20 (CH, ~Iactam), 127.68 (2 x CH, ~Ph), 
127.82 (C, ~Iactam), 128.58 (CH, ~Ph), 129.00 (2 x CH, ~Ph)' 133.93 (C, ~Iactam), 136.51 
(C, ~Ph), 155.14 (COCH3), 161.70 (COCH3), 169.26 (C=O). 
(3S)-3-methyl-4,6-di(methyloxy)-2-(1-phenylethyl-vinyl)-2,3-dihydro-1H-
isoindol-1-one (307) 
A solution of (305) (0.145 g, 0.30 mrnol) in a I: 1 mixture of dichloromethane 
and ethanol (50 ml) was treated with sodium ethoxide (0.123 g, 1.80 mmol) and the 
mixture stirred for 2 hours at room temperature. The solution mixture was then 
concentrated, diluted with dichloromethane (20 ml) and washed with an aqueous 
sodium bicarbonate solution. The aqueous phase was washed with dichloromethane 
(2 x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated to afford a yellow paste (0.038 g, 41%). Due to the sensitive nature of 
this compound, no further purification was attempted and the crude product was 
promptly used in subsequence reaction; OH (250 MHz; CDCb) 1.36-1.39 (3H, d, J 6.5, 
CH(CH3)), 3.83 (3H, s, CH30), 3.87 (3H, s, CH30), 4.68-4.77 (IH, q, J 6.7, 
CH(CH3)), 5.44 (lH, s, C=CH2), 5.66 (lH, s, C=CH2), 6.61-6.63 (lH, d, J2.1, PhtH), 
6.99-7.01 (lH, d, J2.1, PhtH), 7.26-7.34 (5H, m, PhH). 
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(3S)-3-m ethyl-4,6-di(methyloxy )-2,3-dihydro-1H-isoindol-l-one (309) 
A solution of (307) (0.038 g, 0.12 mmol), in ethanol and hydrochloric acid (6M) 
was heated at 90°C and stirred for 4 hours. The mixture was then cooled down, 
concentrated and water (20 ml) was added. The aqueous phase was extracted with 
ethyl acetate (3 x 20 ml). The organic phases were combined, washed with an aqueous 
sodium bicarbonate solution (20 ml), dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and light petroleum (bp 40-60°C)/ethyl acetate as eluent (1 :2) leading to 
white solid (0.025 g, 100%); HPLC experiment showed an enantioselective excess of 
92%; [alo +26.24 (c 0.17, dichloromethane); (Found: M+, 208.09737. CllH13N02 
requires 208.09748); IiH (250 MHz; CDCI3) 1.48-1.53 (3H, d, J 6.5, CH(CH3), 3.85 
(6H, s, 2xCH30), 4.59-4.69 (lH, q, J 6.5, CH(CH3», 6.60-6.62 (lH, d, J 2.0, PhtH), 
6.84 (lH, bs, NH), 6.92-6.93 (IH, d, J 1.9, PhtH); lie (100 MHz; CDCb) 19.41 (CH3), 
51.20 (CH), 55.47 (CH3), 55.84 (CH3), 97.33 (CH, ~laetam), 102.87 (CH, ~lactam), 
128.32 (C, ~lactam), 129.44 (C, ~laetam), 155.59 (COCH3), 161.73 (COCH3), 170.52 
(C=O); m/z (FAB) 208 (M+, 100), 192 (23), 176(28), 167 (84), 154 (86), 149 (31), 
136 (75),131 (21), 123 (33),115 (21), 109 (62). 
- 242-
Experimental 
(3S)-2-[(lS)-2-hydroxy-l-phenylethyIJ-4,6-di( m ethyloxy)-3-(phenylmethyl)-2,3-
dihydro-lH-isoindol-l-one (304) 
\ ~ 
A solution of diisopropylamine (0.996 g, 9.84 mmol) in tetrahydrofuran (5 ml) 
was cooled down to _78°C and treated with n-butyl lithium (4 ml, 9.84 mmol) and 
stirred for 15 minutes at _78°C. 
The freshly made lithium diisopropylamide solution was added to a solution of 
(294b) (1.40 g, 4.47 mmol) in tetrahydrofuran (10 ml) at -78°C and the solution 
stirred for 20 minutes at -78°C. Methyl iodide (0.908 g, 6.40 mmol) was then added 
and the reaction stirred for 2 hours at -78°C. 
The solution mixture was then warmed till room temperature and quenched with 
an aqueous ammonium chloride solution (5 ml) and water (50 ml) was added. The 
mixture was extracted with dichloromethane (3 x 20 ml). The combined organic 
phases were dried over sodium sulphate and concentrated. 
The crude product was purified by column chromatography using silica gel as 
adsorbent and petroleum ether (bp 40-60°C)/ethyl acetate (3:2) as eluent leading to 
colourless oil (0.426 g, 24%); [aD] +112.68 (c 0.39, dichloromethane); (Found: M+, 
403.17771. C2sH2sN04 requires 403.17836); Vmax (film)/cm-1 3345 (bs, OH), 3030 
(Sp2 CH), 2985 (Sp3 CH), 1667 (C=O), 1355 (COCH3), 1145 (C-O-C), 842-700 (Ar 
substitution); OH (250 MHz; CDCh) 3.21-3.38 (2H, ddd, J 4.4, 10.2, 14.3, CH2Ph), 
3.81 (3H, S, CH30), 3.87 (3H, S, CH30), 4.00-4.09 (lH, dd, J 3.0, 12.5, CH20H), 
4.34-4.43 (IH, dd, J 7.9, 12.5, CH20H), 4.52-4.56 (IH, t, J 4.2, CH(CH2Ph», 4.78-
4.83 (IH, dd, J3.3, 7.9, CH(Ph», 6.57-6.58 (IH, d, J2.0, PhtH), 6.76-6.78 (IH, d, J 
2.0, PhtH), 6.90-6.94 (2H, m, PhH), 7.10-7.16 (5H, m, PhH), 7.26-7.31 (3H, m, PhH); 
Oc (100 MHz; CDCh) 35.09 (CH2), 55.89 (CH3), 56.16 (CH3), 60.46 (CH), 63.68 
(CH), 65.11 (CH2), 97.96 (CH, ~lactam), 103.14 (CH, ~lactam), 125.85 (C, ~lactam), 127.14 
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(CH, <PPh), 127.53 (2 x CH, <PPh), 128.36 (CH, <PPh), 128.49 (2 x CH, <PPh), 129.29 (2 x 
CH, <l>Ph), 129.68 (2 x CH, <l>Ph), 135.00 (C, <l>Ph), 135.62 (C, <l>Ph), 138.47 (C, <Plactam), 
155.37 (COCH3), 162.23 (COCH3), 170.68 (C=O); m/z (El) 403 (M+, 2), 312 (100), 
282 (10), 192 (97), 91 (45),77 (11), 55 (10), 41 (10). 
(2S)-2- [(3S)-4,6-di( methyloxy )-1-oxo-3-(phenylm ethyl)-2,3-dihydro-lH-isoindol-
2-yl]-2-phenylethyl methanesulphonate (306) 
o 
A solution of (304) (0.372 g, 0.92 mmol) in dichloromethane (20 ml) and 
triethylamine (0.112 g, 1.10 mmol) at O°C was treated with methanesulphonyJchloride 
(0.126 g, 1.10 mmo1) and the solution stirred for 3 hours at O°C. The solution mixture 
was diluted with water (20 ml) and extracted with dichloromethane (2 x 20 ml). The 
combined organic phases were washed with hydrochloric acid (2N), dried over 
sodium sulphate and concentrated to afford a yellow oil (0.335 g, 76%). No further 
purification was needed; [aD] +178.15 (c 0.40, dichloromethane); OH (400 MHz; 
CDCh) 3.24-3.38 (2H, ddd, J2.8, 9.0,12.3, CH2Ph), 3.67 (3H, s, CH3S02), 3.81 (3H, 
s, CH30), 3.87 (3H, s, CH30), 4.04-4.07 (lH, dd, J 1.8, 7.8, CH20), 4.35-4.39 (IH, 
dd, J 3.0,7.8, CH20), 4.52-4.55 (IH, t, J2.5, CH(CH2Ph», 4.79-4.82 (lH, dd, J2.8, 
7.6, CH (Ph», 6.57-6.59 (lH, d, J 1.3, PhtH), 6.77-6.79 (1H, d, J 1.3, PhtH), 6.91-6.94 
(2H, m, PhH), 7.11-7.15 (5H, m, PhH), 7.28-7.34 (3H, m, PhH); Oc (lOO MHz; 
CDCb) 33.76 (CH2), 51.53 (CH3), 54.46 (CH), 54.75 (CH), 59.06 (CH), 62.32 
(CH), 63.71 (CH2), 96.60 (CH, <Plaetam), 101.74 (CH, <Plactam), 124.66 (C, <Plaetam), 125.71 
(CH, <PPh), 126.10 (2 x CH, <PPh), 126.91 (CH, <l>Ph), 127.06 (2 x CH, <PPh), 127.84 (2 x 
CH, <l>Ph), 128.24 (2 x CH, <l>Ph), 133.61 (C, <PPh), 134.23 (C, <PPh), 137.06 (C, <Placlam), 
153.97 (COCH), 160.84 (COCH), 169.24 (C=O). 
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(3S)-4,6-di( methyloxy)-2-(l-phenylethy-l-enyl)-3-(phenylm ethyl)-2,3-dihydro-
IH-isoindol-l-one (308) 
o 
A solution of (306) (0.300 g, 0.62 mmol) in a I: I mixture of dichloromethane 
and ethanol (50 ml) was treated with sodium ethoxide (0.254 g, 3.73 mmol) and the 
mixture stirred for 2 hours at room temperature. The solution mixture was then 
concentrated, diluted with dichloromethane (20 ml) and washed with an aqueous 
sodium bicarbonate solution. The aqueous phase was washed with dichloromethane (2 
x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated to afford a yellow paste (0.239 g, 100%). Due to the sensitive nature of 
this compound, no further purification was attempted and the crude product was 
promptly used in subsequence reaction; Vrnax (fiIm)!cm· j 3028 (sp2 CH), 2925 (Sp3 
CH), 1667 (C=O), 1354 (COCH3), 1146 (C-O-C), 795-700 (Ar substitution); OH (250 
MHz; CDCh) 3.28-3.33 (2H, dd, J 4.2,6.3, CH2Ph), 3.81 (3H, s, CH30), 3.81 (3H, s, 
CH30), 4.52-4.55 (lH, t, J 4.2, CH(CH2Ph», 6.58-6.59 (!H, d, J 2.1, PhtH), 6.77-
6.79 (!H, d, J2.1, PhtH), 6.90-6.96 (2H, m, PhH), 7.09-7.16 (3H, m, PhH), 7.23-7.36 
(5H, m, PhH). 
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(3S)-4,6-di(methyloxy)-3-(phenylmethyl)-2,3-dihydro-lH-isoindol-l-one (292) 
(308) (0.230 g, 0.60 mmol) Was dissolved in a 1: 1 mixture of ethanol and 
hydrochloric acid (6M) (20 ml). The reaction mixture was then heated up at 80°C and 
stirred for 2 hours. The solution was then cooled down and concentrated. The residue 
was diluted with dichloromethane (20 ml) and washed with an aqueous sodium 
bicarbonate solution (20 ml). The aqueous phase was extracted with dichloromethane 
(2 x 20 ml). The combined organic phases were dried over sodium sulphate and 
concentrated. The crude mixture was purified by column chromatography using silica 
gel as adsorbent and ethyl acetate!light petroleum (bp 40-60°C) (2:1) as eluent leading 
to yellow oil (0.011 g, 7%); HPLC experiment showed an enantioselective excess of 
91%; [alD +57.1 (c 0.30, dich1oromethane); (Found: ~, 284.12857. C17H17N02 
requires 28412867); Vrnax (film)/crn·1 3250 (bs, NJ-I), 3028 (Sp2 CH), 2925 (Sp3 CH), 
1695 (C=O), 1352 (COCH3), 1143 (C-O-C), 842-699 (Ar substitution); liH (400 MHz; 
CD Ch) 2.48-2.55 (!H, dd, J 10.0, 13.2, CH2Ph), 3.63-3.68 (!H, dd, J 3.2, 13.6, 
CH2Ph), 3.85 (3H, s, CH30), 3.93 (3H, s, CH30), 4.72-4.76 (JH, m, CH(CH2Ph», 
6.18 (!H, bs, NB), 6.64-6.65 (JH, d, J 2.0, PhtH), 6.90-6.91 (!H, d, J 2.0, PhtH), 
7.20-7.33 (5H, rn, PhH); lie (lOO MHz; CDCb) 39.51 (CH2), 55.58 (CH3), 55.86 
(CH3), 56.74 (CH), 97.72 (CH, ~lactam), 102.96 (CH, ~lactam), 128.41 (CH, ~Ph), 128.76 
(2 x CH, ~Ph), 129.16 (2 x CH, ~Ph), 132.13 (C, ~lactam), 134.18 (C, ~Ph)' 137.73 (C, 
~lactam), 155.66 (COCH3), 161.91 (COCH3), 170.16 (C=O); mlz (FAB) 284 (M+, lOO), 
267 (13), 221 (29),207 (35),192 (34),176 (16),165 (21),154 (53),147 (68), 136( 
84), 120 (24), 109 (34). 
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